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INFORMATION GOLLECTION & EXCHANGE

peace Corps' Information Collection & Exchange (ICE) was

established 5o that the strategies and technologies devel-

oped by Peace Corps Volunteers, their co-workers, and their
counterparts could be made available to the wide range of
developrent organizations and individual workers who might

find them useful. Training guides, curricula, lesson plans,

project reports, manuals and other Peace Oorps-generated
materials developed in the field are collected and reviewed:

Sare are reprinted "as is"; others provide a source of fieild
based information for the production of manuais or for re-
search in particular program areas. Materials that you sub-
mit to the Information Oollection & Exchange thus become

part of the Peace Corps' larger contribution to development.

Information about ICE publications and services is available
through:

Peace Corps

Information Collection & Exchange
Office of Program Development

806 Connecticut Avenue; N.W.
Washington, D.C: 20526

5

23d your experience to the ICE Resource Center. Send ma-
terials that you've prepared so_that we can share them
with others working in the development field. Your tech-
nical insights serve as the basis for the generation of
ICE manuals, reprints and resource packets, and also

ensure that ICE is providing the most updated, innovative
problem-solving techniques and information available to
you and your fellow development workers.

Peace Corps
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INTRODUCTION

‘I'his manual has been prepared for use by Peace Corps Trainees and
Peuace Corps Volunteers as a reSource in gaining understanding and knowledge
of basic Horticultural principles and practices of Orchard Management: 7
Subject arcas haveé been limited to those observed as being of most frequent
concern to Volunteers in their project activities in fruit tree growing in
agricaltural programs abroad and particularly with deciduous type trees.

This manual is designed to convey insights into basic Horticultural
practices and techniques. Primary emphesis is given to providing explana-
tions and illustrations of Horticultural practices as they relate to fruit tree
production. Care has been taken to make the content realistic and meaning-
ful and presented with as non-technical a vocabulary as is possible.

The manual, to be most beneficial, should be used during training
as @ teaching guide and instructional tool. While the manual provides
usetul drawings, structural diagrams, and p"ra'cti'cai ‘exercises, it is
recognized that some of the materizl presented would be meaningless, oOr

_at least inadequately understood, by the average generalist or by the
§sindividual with no previous Horticulture experience. When the manuat
{s utilized as an integral part of a training program in which trainees are
buing prepared- fcr work in Horticulture, and the material contained herein
(¢ Lrosented and explained to trainees by qualified Horticulture Specialists,
‘he pianudl can and will continue to be a valuable reference source for the

Volunteer in the field.

iach of the principle units of the manual is complete and substantizlly
scli-confained. Topic coverage is sequential but does not preclude each
unit being tsed as a review or as new material. With the aid of this manual,
during and after training, a Peace Corps Volunteer should be able to apply
the principles and procedures of acceptable Horticultural practices on the
farmn for increased fruit tree production to almost any orchard management
problem he might encounfer during his service abroad.
, Development and Resources Corporation sincerely hopes that Peace
Corps Voluntee. s will find this manual a useful working tool and helpful in

their project activities.

it
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UNIT I - ORCHARD SOILS

A. A DEFINITION

7 To define a good or adequate soil for orchard pruduction is to say
that a given plot or area of land must possess the following qualities

i. A deep and well aerated soil with good drainige.

-

2., Adequate nutrients for optimum tree growth and high yields.

Good water holding capacity - the ability to store and feed the
fruit trec with an abundant supply of water.

e
.

B SOLL CLASSIFICATION

Physical Propertics

Prodactive soils contain at least 56 percent pore space; Which is
made up of air and water in varying proportions.

The composition of a soil is solely dependent upon the environment
in which it has or is being formed. One type of soil is known as residual.
in this, pateiit imaterials are derived from rocks that contain quartz,
Silicales stich as féldfps s, iron oxides, carbonates, and phosphate. In
arvas of the world v ner: there is a heavy rainfall, many of the basic
cléemonts (calciuni, magnesium, sodium; and potassium) in the parent
raterial arc leached away. These soils are usually acid: Where rainfall
is lower, the parent materials are not leached as miuch and the soil is
cither neutral or alkaline.

) o . o : @

Other types of soit may be formed from glacial deposits, or from
what is known 45 wind-blown soils.

Orchard sdils may have been derived fromn any of theve sources:
What is important cc remember is that there is no one singie orchard soil

tvpe that is particularly suitable for all needs. Recommended soil types

© Wwill be cxplained later in this manual for certain fruit and nut crops. One

should remember that soil types can cause great differences in yield. . A
gond roil for farm crops may not necessarily be the best one for orcharc
ciltivation. Likewise, other soils possessing good physica: qualities but
lower in miisie.ts may be found suitable for apple trees. There are many

variables
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In 'r"iy,'s”o'ii there are three very 1mportant characterxstlcs which

one should learn. They are : referred to as the texture; structure and

density of the soil.

Soil texture refcrs to the proportion of clay, silt; and sand particles
in a given volume of soil; (Figure l.) Since this aspect of soil properties
is set by nature, man cannot change the texture of a soil, as he is able to
do with the structure; which is explained later. Soil particles which
excced 2 mm are classified as gravel: Sand particles are the next largest

(2.00 mym - 0.05 mm) in size. Sand has a gritty feeling when rubbed in

the hand. Silt particites (0.05 mm - 0. 002 mm) have a velvet-like feeling
to the hand while clay (less than 0, 002 mm) is the smallest size fraction
and has a sticxy feeling when moistened in the hand. Also, in most soils
there 4ar-e small portrons of organic material.
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silt, 25- ‘32 peru:nt sand, and 7.5-27. pcrccnt cldy A soil containing

¢qual amounts of the three separates is a ''clay loam"
.
Various toxturgs are indicated in Flguxe 1 and are grouped into
three general categonries; namely, coarse textured 50115 I‘I’IE‘dItInT textured
soils; and {ine textured soils:

(i5atse texturced soils: sands, loamy sands, and sandy loams

Medium textured soils: loams and silt loams

Fine testurdd soils:  clay loams, silty clay loams, and ciays
The fire texturced or clay soils are known as heavy soils; and the coarse

textured soils are known as llght soils.

Sml tt‘\lhl(, has a large 1r1f1uer1cg on the amount of water that can

Lhc. boxl.

503l structure is a térm used to describe the arrangement of the
soil particles into con;,lomerateb of many sizes. A point to remember is
that a =vil which is vell-aggregated and falls aparu or crumbles easily is
generally desirable for orchards. This type of structure allows for good
wdater penehati'o’n’ soil aeration, and good drainage. As is not the case
with soil texture; the structiire may be enhanced by growing cover crops
and adding Bi:géﬁxc, matter such as cow manure.

SOILS MADE UP OF_ PERTICLES LARGELY OF ONE SIZE wiLL
READILY ADMIT AR AND WATER AND WItL RESIST PUDDLING.

SOILS. CONTZXINING FARTICCES OF VARYING SIZES WILL BE
CGMPACT'—‘D 8Y TICCAGE AND WATER PENETRATION LLESSENED.

ogo%ogooao <O

O

DESIRABLE VERSUS PUDDLED SOIL

FIGURE 2 b

i

-3.
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, if a soil is high in clay content, wet; and compacted by working
iniplements or animals, the porc space will be reduced considerably,
thus creating a ''puddled'’ soil: (Figure 2) This type of.soil is not
desirable in orchards and sHoiild be avoided:

"Particle density'' takes into consideration only the solid particles
of the soil and not the pore space: It can be defined as weight per unit
volume of soil particles and is usually expressed in grams per cubic
centimeter,

"Bulk density' considers both the solid particles and the pore
spacc of the soil. Therefore, it is variable due to differernt volumes of

pore space existing in a soil.

7 Both types of densities serve to determine the porcsity of soil or
Cpore space'' according to this formula:
PS = 100 - (..BD. x 100)
DD

vl
wn
I

pore space in percent
bulk density
particle density

igoiey
.o
non

_ The importance of the pore space percentage of a soil dete~mines
the amount of water the soil can hold: '

C. SOIL FERTILITY

Soil fertility refers to the nutrient supplying properties of the soil.
Trece, like any othér living thing, need food if they are to live and grow.
I{ they are well fed, they will generally grow faster, stronger; and, ,
thercfore, be somewhat resistant to insects and diseases and will usually
give a good yield. If they are poorly fed, they will grow slowly, become
weak or generally susceptible to insects and diseases; and produce low

yields.

There are sixteen clemeits which are essential for normal fruit
tree growth and development: These are: carbon, hydrogen, oxygen,
iron, manganese; copper, nitrogen, phosphorous, potassium, zinc, boromn,
molybdenum, calcium; magnesium; sulphur, and chlorine. Carbon,
hydrogen and oxygen are usually obtained by trees from water and air:
Nitrogen; phosphorous and potassium are called primary food elerents.
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Calciuin; :..agncsulm and surphur are called secondary food elements:
Boron, manganese, copper zinc, iron; rnolybdenuxn, and chlorine dre
called micronutrients, or elements needed in very rnicroscopic amounts.

Carbon - This comes from carbon dioxide of the air. It functions

in the plant or tree help1ng to build cell walls. It 1s a component

of plant and tree sugars, a part of the structure of color, and even
an element in the fragrance of fruit tree b];ossorns

derogcn - One of the two elements composing water. This element
is assential in the fru1t tree with carbon and oxygen: It is used in
the plant cell in the manufacture of simple sugars and starches.

Oxygen - Ot atom of this eleiment combined with two atoms of
hydrogen forms water: Oxygen also combines with other elemerits
to form oxides and coniplex orgaiic compounds

Primary food ¢lements:

Nitrogen - Nitrogen is the cssential element for building growth
materials inrthe tree. it promotes vegetat1ve growth and gives
trees a healthy, green color. It improves fruit set and overall
fruit quatlity:

Phosphorous - Plosphorous is essential to all tree growth and is

an active 1ngredtent of protoplasm. It stirhilates early gr owth

and root furinations, hastens ma:turrty, promotcs seed proouct1on
and fruit development, gives stability to the stcoi; and contributes
to the genersi bardiness of trees.

Potassium - Potassium enhances the tree's ability to resist disease,
cold, and other adverse conditions. It also promotes good growth
blossoining, and fruit set.

Secondary {oos

Calcium - Calcium is believed to help in the translocation of
carbohydrates in the fruit tree. It is considered essential to healthy
cell walls and aids in the development cf root structure. Calciun

is the aCtIVL elcment in l1m1ng materlals used to correct 5011

Magnesnnn - Magnesium is an essential ingredient of chlorophyll
and aids in the translocation of starch within the fruit tree:

Sulphur = Suvlphur is associated with plant protein. It also aids in
the synthesis of oils.
-5-
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Micronutrient elements:

Boron - Boron is associated with calcium utilization within the

plant. Whenever the proportion of calcium tc boron becomes
unbalanced bécause of a deficiency of boron, the terminal part of
the tree fails to develop properly. The amount of boron required
by trees is usually small: :

Coppes - Copper is an activator or catalyst of other elements
within the plant. It seems to promote the formation of Vitamin A
and appears to have a regulating fulction if soil nitrogen is too

high. An excess of copper is very toxic.

Ircn - Iron is essential for the formation of chlorophyll: Iron
apparently enters into the oxidation processes which release
energy from sugars and starches.

Manganese - Manganese is closely associated with copper and zinc

and also mcts as a catalyst in plant growth processes.

Molybdenum - Molybdenum is associated with nitrogen utilization:

Very small amounts are needcd.

Zinc - Zinc is apparently linked with iron and manganese in the

formation of chiorophyll and fruit bud formation.

Chlorine - Chloring is the latest element established as essential
for plant growth: It is believed to stimulate the activity of some
enzymes and to influence carbohydrate metabolism or the produc-
tion of chtorophyll and the water-holding capacity of growth tissue.
We speak of food elements removed from the soil by fruit trees.

The thr'c'e elements -- nitrogen, phosphorc}ué; and potassium -- which
have béén termed primary elements are also called the fertilizer elements
are indicated by the symbols N, P, and K. Thus, a fertilizer is termed

s complete fertilizer when it has these three elements -- N, P, and K --
‘h its formuli. These three elerments are all needed by fruit trees in
substantial quantities. FEach raust be furnished to the tree from supplies

in the soil or added to the soil by manures or chemical fertilizers. The
s6-called micronutrient elements are needed by fruit trees in comparatively
cmall amounts and are usually present in soils in quantities sufficient to
meeot the needs of the tree. This 1s riot invariably so but these nine
clements are much more rarely deficient than are the three fertilizer
elemerits -- nitrogen; phosphorous, ‘and potassium -- whose lack often
limiits friiit tree production: It is with these elements that the orchard

manager is most often concerned. It is generally the quantities of these
three elements in the soil which determine its fertility. :

14
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The needs of different fruit trees for these elements vary, One tree
may require much more nitrogen, another may require more phosphate:
Generally %peak1ng, the h1gher the y1e1d of a fruit tree crop; the greater

the demand for all the necessary elements,

Deficiencies apparent WitH the three p- imary elements may be over-
coimie with the “ddxtxon OF comtnerCIal fertilizers. Although fe rtilizers will
be explained later in this manual, itis well to irictude in this section the
supject ot cover crops due to its direct rélation to scil fertility.

A cover crop is termed as any viablc crop, including weeds; grown
between the trees aricl plowed under in an orchard. The purpose of groWIng

a cover crop is to add o rganic matter to the orchard soil to prov1de additional

nltrogon and maintain good soil structure. A cover crop aids in Wate1
pcnetration into the soil, and to some extent guards against "puddling'' by
the activity of its root system. This is particularly true in tropical wet

arcas.

"Pﬁ&id]ihg' would be reduced because the cover crop would help
considerably in Drkal\‘[rﬂ’ ‘ the force of heavy rains against the soil, thuos
-ompaction of the soil would not be such a problem.

Even though there are many advantages of grow1ng cover crops;
they can also cause damage in certain areas of the world. In regions where
there is low rainfall, the trees need all the available moisture for growth.

“ cover crop in this drea would compete with the trees themselves for the

available mosture; thuS, a cover crop would not be recommended.

Covér crops recomimended for use according to varicus areas of
thie wortd are:

1. Cold climates - red clover; mustard; common weeds of the
area and field peas.

2. Warm climates - cereal grasses, such as rye ind barley,
field peas; certain varieties of mustard (according to the

area); and cowpeas: Also orchardgrass and sudangrass.

D. SOIL AND WATER RELATIONSHIPS

Availabie Moisture for Growth Processes

Water may be classified as unavailable, available; and grévitatibnai

or superfluous:. If water is apphed to a soil until all of the poor space is
fllled, tHe soil is szid to be ''satarated'. About one-half of this moisture

O
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will be lost due to the pull of gravity: Usually this grav1tat1onal water Has
drained away within about 24 hours following application. Except for
ra:thex shght losses due to evaporat1on from the soil surface and Contmu1ng
draina_e due to grav1ty, the so11 moisture remaining indicates the ‘''field
SaEaClt‘[ of that soil. (Figure 3.)

In practice, field capacity is usually determined two days after an
irrigation: A soil will come to field capacity more qiiickly when an active

crop is growing than when there are fio roots removing water from the soil.

FIelc capacity can be measured by determ1n1ng moisture content of
soil after irrigation suff1c1ent1y heavy eno- 1gh to ensure tﬁorough wetting
of the soil. Observing the decrease in moisture by making moisture
determinations at different times after irrigation is valuable in understanding
and properly iriterpreting the field capacity characteristics of a soil:

If there are plants or trees grow1ng on the soil, tﬁe fﬁbiétiii-e iéi'/ei

Lice, Hence, the term "readdj available moisture' has been used to refer
to that portion of the available moisture that is rnost eas11y extracted by
the tree, approxzmately 75 perccnt of the available moisture. After this
p01nt the trt,(, is unable to absorb water from the soil qtnckly enough to

SATURATED SOIL : SOiL AT FIELD CAPACITY: DRY SOIL: ONLY

UNSATISFACTORY [.LARGE AMOUNTS OF HYGROSCOPIC AND LITTLE

FOR ROOT GROWTH WATER BUT ENOUGH CAPILLARY WATER LEFT—
: OXYGEN FOR GROWTH TOO DRY FOR ROOT GROWTH

MOISTURE AVAILABILITY
FIGURE 3

wilting point is at the lower end of the available moisture range: Tree
leaves will wilt when they are no longer able to extract sufficient moisture

-8-
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from the soil to meet their needs: Wilting depends upon the rate of water
used by the tree, the depth of the root zone, and the water holding capacity
of the soil. Tree growth should usually not be retarded by lack of available
soil moisture. The practice of withholding irrigation until the fruit tree
definitely shows a need for watcr is 11I(e1y to retard growth It is essential
to maintain readily available water in the scil if fruit trees are to make
satisfactory growth.

Watler is himportant for tree and plant growth because it assists in
absurplicon of niineral mutrients and is in itself necessary for growth:

Water is taken in through the root system by the process cf osmosis
(diffusion pressure deficiti and likewise is mainly lost through its leaves
Ly the process of transpiration.

Osmos3is means the movement of a liquid (water) through a semi-

permeable membrane (root) from an area of high concentration (outside of
t6ol) o one of lesser coricentration (mtexlor of root membranc) Since the

préssurc is gredater on the outside than the iniside of the root systeri, water
tnolecuies Tponnd’ avainst the root; thus entering the root because of less
insidc r)rvss’u’r'- The water 'ent'”ri'rig t}m root is entirely pure and does not

Transpiration means the evaporation of moisture {-om plant surfaces

sr leaves. Plant or trec leaves may contain as h1g11 as 90 percent moisture
content.  Thrs Yigh percentage is necessary because water is constantly be-

ing lust by @ vaporation fromi the cells in ‘he 1eaves Trees do lose water

throuaglh parts other than leaves; but it is minimal in comparison. Loss of
water from the leaves takes place in the '""stomata'' -- tiny ''stomates' or

Striciures found on the underside of leaves. These stomates open and close
crording to the amount of light intensity. When there is no sunlight; the
stomnates close and there is very _ittle transpiration loss. In a leaf cell; a
,.adte follows a passage which le. ds to a sub-stomatal air chamber. The

L spongy tissue surrounding the a,r chamber is bathed in water which

absorbs the carbon dioxide from the air trapped in the air chamber. Since

thi soft spongy tissue is conatantly evaporating w water 1nto the air chamber
there 1s a movement of waterr vapor into the outer atmiosphere by diffusion

‘hrough the stomata, thus, transpiration occurs;

The quantity of water lost is great. There are a number of external

factors which greatly influence the rate of transpiration such as:

I T.ow humidity - causes faster transpiration
2. High témpératuré - causes faster transpiration
-9-
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5 Cool humid wind - causes slower transpiration

4. Hot humid wind - causes faster transpiration

In practrcal terms; transp1rat1on 1055 means that one should always
make sure there is a good balance of available water to the root system in
relation to the environment So as not to allow a cont1nual def1C1t to occur
and thereby retard growth, fruit set;, etc. If there is a high transpiration
rate occurring; the deficit is corrected by drawing water from cther parts
of the tree and finally reaching to the bottom of the root syotem. If the
root systern depletes all of the avallable water supply, then the tree will

Irrigation of Orchards

- The purpose of irrigation is to keep the soil supphed with readily
available moisture. There are three principal irrigation methods used
for orchard trees. They are referred to as furrow, basin, and sprinkler

The furrow method {Figures 4, 5, and 6) is gb'o"d as long 1s the

slope of the land and the size of the water stream are such that erosion
does not occur. The furrows should be constructed 50 that they are close

enough to allow penetration into the soit to the desired depth.

The basin method (F1gure 7) or rectangular checks refers to levees
constructed around an individual tree or trees in the orchard. This method
allows for application of water over the entire soil surface of the orchard,
but may require more labor in its initial construction in comparison to

furrows.

steep or chards. THhis method needs no leveling and usually gives a
uniform watering of the soil.

How cxer due to h1gh 1nvestment and malntenance costs it may be

place:

All three methods may be used and will give satisfactory results.
Duc ‘o cost differences;, the first two will probably fit the needs of a
developing country more so than the third method.

Z10- 18
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Pl coinint of time needed to adequately irrigite an orchard would
e bzsed on oinaay factors such as soil types, raintall, availability of water,

teamporature, o

Ubvicisly; trées wili réquiré more water during the growing season
hie to leal formation; flowering and fruit set. An easy rule of thumb to
foillgw i jiudging water needs is to observe the broad-leafed weeds which

may be presenl in an orchard. Since this type of weed is geherally deep-
rooted; any sign of wilting would mean that water needs to be restored to
it sonl ae the tree roots would also be in need of water. The point to

rerneinber is fiever to let the orchard reach a severe wilting pcint stage.

Adequate drainape has already been stressed as essential for fruit
tree growth because without it; available pore space in the soil would be
saturated and there would be restricted root growth due to lack of oxygen:

Cultivation of orchards is important because it helps to control
Eradication of weeds is impossible but control is possible:

IV“JVOXi(V)Ué Wég(rié; adI [
By controlling weeds through cultivation practices, several useful purposes

are served:

-13-
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1. Allows for easier irrigation, hai'véétihg and spraying
2. Helps prepare soil for a cover crop (other than weeds)
3. Helps control certain pests and insects

If weeds are used as a cover crop, especially during the grOW1ng
séason, they may become serious competitors with the trees for moisture
and nutrients. This competition can be removed through cultivation.

Cultivation will aISO allcw for ease in 1rr1gat1on by a110w1ng "cleaner'
construction of furrows or basin rectangular sguares.

Througn ¢ liivalion a sometirnes viable environment or ""home'' for

irisccts mav be destroyed.

{
Contrary to comimon belief, cu1t1vat10n does not conserve moisture.
It may allow for greater water penetration ifito the soil, but th[b is of a

temporary nature

& SOIL AND PLANT (TREE) RELATIONSHIPS

L)y__f_éc tor

1 chemistry, reaction of solutions is usually stated in terms of
piow hich is an expression -of active acidity or alkalinity. A pH of 7:0 is
krown as & neatral so0il. When a pH exceeding 7.0 occurs, then we have

whit is knowit as an alkaline soil. A pH which 1s lower than 7: 0 approaches

awvidite, or seid soil. Deciduous fruit trees, those which shed the1r teaves
(‘ur ing dormancy; can tolerate wide ranges of the pH spectrum. There will

» little attempt to rerommend proper pH rarges for various fruit trees

chu to 5o many variables. It is Important to remember t that some fruit
trees cannot tolerate certain aC1d soils and hkewwe,‘ alkaline soils. It
is also important to remember that the pH of a soil can be altered by‘ the
wddition of commercial fertilizers making it more suitable for root

developrnent For example, to lower the pH oﬁe may add ammonium

sulfate (source of rntrogen) This may benefit trees which require a

slightly more acid soil. To make soils more alkaline in nature, sod1um
nitrate; lime or calcium nitrate may be added:

F. SOIL ORGANISMS

Or ganlc matter by itself would be useless in the soil w1thout b111i'o'n's'

of tiny soil organisms breaking it down into humus and then into simpler
products utilized by plants and trees; Of all organisms present in the soil,
bacteria makes up 90 percent of the total:

-14- )
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Organisnis found in soil are either classified as pxants cr animals.
Some are so small unlv a rnl(.rOSCOf‘(‘ caii brxng ‘he*n into view. Others

car thwo r Also some organismms are beneficial to the coil and, the refore,
the piant or tree, while others do great Hz~m. On the whole, there is
more benefit than harm derived from soil crganism acavﬁy Some of

these bonefits a-e found in the de compesition of organic matter and maklng
nitropen more readily availak'e to the roots. Sorde of the harmiul aspects
tiiclurde thiuse which ca 'se plant diseases and those which compete for
available nuiricnis with the Dldnt itself.

The dctivitie = of soil organisms are regulated by such factors as

terperature; acidio; or alkalinity of the 50il, moisture, light and organic

tatter
¥For piurpo-:-s «f orchard rnanagement; several common 501l

organisms worthy o7 mention are:

- singte -celled plants

inpt - yeasts; taclds and rusHrooms, considered to be a plant
Alvac - microscopic pldlltb, found in surface layers of soil
Vrotgsod - considercd to be an animal of the siinplest.form, lavger

Lo bac'cria, but still microscopic in size

< T aninuils and wormlike im appearanc.

Furlsvorms - animals and known as the common carthworm
Of the six organi&ms mentioned, nematodes cause the worst damage
Hribirids Gecansce they infest the root systerm and cause injury. Swellings

S Gobs DAy veour,

G LER PLLIZERS

Althoug,h strc ':s has been placed on understand1ng the soil as an
important factor in achicving maximum productxon, it is Important to

wnderstand nutricit deficiencies in soils, and the hest way to correct them:

Mot dll s0ils are deficient in essential elements:. Some lack bﬁiy
fcx’i/ 6f Hi(‘ o }Li‘iir'ﬁtw; Other soils have ‘been fortunate in ha.v1ng a high

rnanure; which Ems ‘beon broken down by so11 organism activity:.

-15..
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Fruit trees, like miost plents, begin to deplete the soil of 1ts
essential elements; particulazrly nitrogen, phosphorous, and potassium
through sustained growth To replenish the soil, inorganic or comimercial
fertilizers are most c rm‘nonly applied to iraintuin growth and productlon
Obviously; the need arises in determining what deficiencies exist. Ther=
i$ no foolprooi nmiethod of deterriining thes factors; hovicve.,; theve are -
four methods used in orchard menagement that assist in implementing a

fertilizer prograni. -

-

synproms - Most widely
di;t'u‘um ivs. & oie of these :,yrqptunxs may i1clude pale greeu lzaves, slow
Or etk cfrox “h, :bnormal leaf size, no flower bud formation, dropping of
flowers or fruits; po )E fruit color, ote. This method is verv practicdl when
determiningy dericie . les for eacli clerment (to be di'si.usse'd laten)

v v . -

i

'i.' g A - RS
Ore ha-d sloy triels - Arter a soil analysis has beentaken and

deficiencies are epparent; it may be de:irable to try several fertilizer

trials on a limited area of H) > orchard: It should be done carefully and over
Several seasons of duration it wrder to Oete*fl"illi" whether tne addition of

nitrogen; phosphorous; ot 1, ste., 1n vairious A~iounts ba« increased
yield and done so profi Lably ?‘his miethod may prove too costiv in a

developing ration for the average farmer. However, research centers and

ot /ncu*tvv;ﬂ nbversities may find it aseful.

Seit apalysis - This riethod is mienticiied Yerause arnalyzing a soil

for avearlable irient content is an accepted p» a(,h( - wevidvide and proper
fac.litie<, (Henw ols, e%h,., are available i1 132°s. -4 s¢loping countries to
condl .t s.o0n o analysis. Howavew, unless the soit saivle taken for an
ahalysis is frolns 1o zeneratl arca of the deep root system and repreSentat1ve
¢ thre Area, thoe r 'aul's will be close tn worihiess -- the reason being that

‘il above or below the Eenvra* i )()f zone of the or chard tree may possxbi‘y
hive ai entirely different soil stiucture ccntaining different amounts of
Svidl elentents and may not be avale! le to the tree roots at these
vertous depths. Where soil ana.yric 3lone has been found to be a good

methio] in detos “hmmg fertiiizer necds for plant growth orchard mandge-

Caenil hds not found this to be true. There are tno many' ‘variables with the
many {ruit trees, particularly duc to var*nng depths of the root systern. If

used in orchard m.tnagem;; t; 1t snould be done in add1tLon to tree symptoms
|
to give an Bversll dsses ment of fertilizer needs: |

Leat ana _Xsm This method is the newest form in determ1n1ng

‘fertilizer needs. 1t i3 mentioned only because of its latest developments

since leaves themselves, more than any part of the tree, require the

essential elements ‘or growth: T'nder examination of the leaf cells; one
can de telnll“‘h, Af the y are recewmg enOugh of any one element kl’thouéfx

a.dol)tod im OI‘(.,I"‘d.Tij"hlahu.ngtle"it in several parts of the world:

K C -16- é4 : | \,
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What docs all this mean in terms of a practlca approach of deter-

riiuing fertilizer needs for fruit trees? Use the tree symptom method. BY

knowin g Wwhat deficiericies Vof the essential elemeénts Will show to the naked
cye, fertilizer recommendations can be made. To do this; a complete

fe L‘tlii’ r mhust be considered. As stated earlier, a complete fertilizer

consists of nitrogen, phosph01 ous,; and potassium. THis is the form in
which comunercial fortilizers are usually sold and in varying amounts of

cach. Imuqhv these fertlhzers will contain small arnounts of the micro-

-t muportant element as a Iertlllzer for trees and;
Seceiviea the greatest attention bv orchard growers: Although

fonl

.nutrients {vinu, copper, etc. ), but mot readily available to the trees.

Jails 1o the trees through organic matter ih'o'rgéhi'c types
pre wsed tiore wniety because of ease of apphcatxon and a higher percentage
GItolal B nitrogen: - wilable in most fertilizers. Nitrogen deficiencies
gre mmdrecated by paie. yoll “wish-green leaves in early to mid-summer;
Shoit regetative shioots; ue.aally small in diameter; heavy bloom with a

Tizavy loss of bloom. et rese .Its 1m a poor crop by siriall fruit maturing

arly and dropping from trees 'ou early When nltrogen ‘is supplied; the

< ¥

fivst torpunSe vl be an foyer overnent in leaf color and betfer growth
ATt a5 :son or Lo rull deve lL,-I.J' ~nt siould have occurred and iore
pirodiuir o reachied,  This time cyele aay last for four to five years,; after

cohiter asotuel application ill have to be mnade.

i tate of application of nitrogen is indeed difficult to place on

Plawa cor, it mitust be ba:,f_d on such iactors as tree condition, kind

Lo -t free; water 5upply, soil condition, vtc. For example,

IERESY 1% $yo-s oiow so:il initizily quite fertile could grow w =11 showing no
Biliooor deticcda. . put after several years of Learing fruit, deficiencies
s ovvr. 1he supply of nitrogen ind ] nht soil is limited; and becomes

Cutoiod soGne b than onoa Lcavier soil.

inoyenoral, Lrees with a weak growth because of lack of nitrogen
) ,,-LL up io L0 1o LuO pmmd:: of actual nitrogen per acre -- 300 to 500
[T c..llufl‘)hlurll sulfate, or 360 to 600 pounds of calcium nltrate per
ligiivr rates are not necéééary and not profltable. Most fruit trees
b e considerably less to bring them to full production: The

appheation should be fiade in early spring and no more than once a year.

——

PhOb_EMC)lO.Jb d(/)lc,'lO“I is usually from one- elg{th to one-tenth the

acnount of nitrogen ox ‘the same land and from the same trees. Phosphorous
is 1n1portant to trees and its deficiencies are similar in nature to those
of uitr ugvn Reduced growth is one symptom. To distinguish phosphorous

deficiency sy rnpffn‘ns from nitrogen def1c1ency symptoms, darker green

Jeavies than normal may appear in early to mid-summer as contrasted to

light gre-n leaves with a nitrogen deficiency. In late summer and fall;
thie feives 1nay turn to a bronze or purplish-red cclor, in contrast to light

)

at
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MMERCIAL 50URCES OF NITROGEN FOR R ORCHARDS

Percent
Nitrogen

Advantages .

Disadvantages®

Compound
P Fé;i@_@

Anhyd FOUS NIl
Ammonia

Ammonia NH4OH
Solation

Ammonium (NH,) 2so;I
Sulfate

Am’rfﬂéniuﬁi NH 4NO3
Nitrate

Ammonium Phos-
phate Sulfate

©{16-20) Migtiire

Ammonium NH 4H2PO i

Phigsphate -
Calciom ™~ CAINOy,
Nittate.

'

A

Usaally
20,0

21,0

33,0

16.0

11,0

11;3h mtl()g:cn pucentabe ease

of application; nio residue; little
danger of leaching,

Easier to handle than adhy-
drous; no residue.

Acid residue [for alkaline
soils); little danger of loss by
leaching; ease of handling.

High N percentage; no residue.

Half immediately available,
half delayed.

Same as ammonium sulfate,
Czirrieé faflééphété if needed

High phosphate content whare

needed for cover crops;
N

Calcmm residue (for acid or
high sodiit soils). Immediate
avaitability;

2) Irripation witer; urieven
distribution if irrigation
systen fiot adapted to its use;
Canriot be used with sprinklers,
b) Dry mJectlon some loss if
ground is trashy or cloddy:

Same as for anhydrous.

Acid residue (for very acid
soils). Delayed availability
during nitrification.

Same as ammonium sulfate,

Low N percentage;

May bé leachied.



Conipanr.!
 NAME

CISATHE

NH, CONH;

vl

S
Nitrite

NaNe,

Calclum Cé(,INZ
Cyanamide

[y
rereen

120

PR

24,0

i
.

Sragen.

o _.__._A;dszanmgc.s___ i

Disadvantages*

tigh N percentage; Is not
fixed if irrigated at once
before conversion to ammo-
nium carbonate; No residuc;

Alkaline residue (for acid
solis),  Immediate avail-
ability,

Alkaline residue (for acid
soils), Calcium residue,

May be toxic in high con-

centrations,

Sodium residue undesirable
on high sodium soits; May
be ledched,

Danger of burning, especially
at high rates or in growing
season;

“There is no serious trouble with the physical properties of any of these materials wnless they are

stored too long or under poor conditions,




red or plnk lLd.V(_f: in n1tro<u,n deficient trees: Phosphorous may be appll(,d
to the soil in the form of amlnonlum phosphate, or it - may. be apphcd in the
and the sec ond is apphuc‘ when a cover crop is planted at the rate of 50 to
106 pounds per acre.

Potassium deplctxon may amount to about 20 to 35 pounds per acre
per year. Deficiency symptoms mnay be apparent in leaf injury whereby
thiré will be 4 scorching dlong the rrndrrb or main veins during early to

miid-swmnicr. Some species of fruit trees will drop all of their blossoms or
voung fruit. [n late fall, some of the growth shoots may die back.

nitrogen and .)lmspmu ous apphcatxons However there 1s no quest1on of

the value of potassium for tree growth. This can always be substantiated
by taking a leaf aunalysis:

Fer g(,norﬂ puUrposes; potdSSlum is G sually apphed in the form
of potarsium sulphate or potassium chloride {muriate of potash) Both
contain aboiut the sdine amoimt of potassium available for tree use. In

niost soils; no more than 400 to 500 pounds per acre of either form will

be nccessary.

Other 1rnpo1 tant elements necessary for fruit trees - Although )
tht,;n are other elements necessary for good tree growth, flower set, and
Trull formation; only those of greatest 1mportan”co will be listed in detail:

Certaia fortilizer recommendations and application ~1ethods for each

Climient arv wiven as well us some deficiency symiptorns.

Borowo deficiency symptoms include death of terminal buds; scorch-
ing ol leas tips; reduced fruit setl in applgs and pears the fruits' flesh
ray beconie hard; brown and corky. Deforrm ed fruit will occur:

A source of boron is from borax (sodium borate) and can be ap'p'iié'ci
i+t ihe rate of 30 to 50 pounds per acre during the spring and fall: It should
Lo broadceast on top of the soil, directly under the trees.

causing 'yellow gpots” bet ween veins on older leaves in the summer. Orni
some ftrees, all leavea may fall Sodlum molybda:te a:t 0 i ounce per tree

I\/Iangdnf*:-e deéficiencies may be seen as yeHOWIng occurrIng in
ar(.as between veins of leaves. In some cases, the areas die and leaves
fall’ premia tuley Unhke some elements; this def1c1ency may not prevent

fruit st and normal developmernt. Loss in yield would come from less
total bearing surface of the tree.
=20-
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[liis type of deficiency may be corrected by spraying a mixture of
o 8 pounds manganous sulfate and 5 pounds lime and a spreader per
tuth gatlons of spray. This mixture should be sprayed in late spring or early
sulitiiner. Broadceasting is not satisfactory because the chemical is fixed
{not available for growth) in most soils.

Cuh,fe»\l Hlote h( = xnay appear on leaves in mid-summer. Replen1shment can
Be niade by applying miagnes 1u1nrsrqlfater (epaom salts) or dolomitic limestone
direvotly to the 01! at the rate of 10 to 40 pounds per tree.

¢ deficiviey :,ynqptonls 1nc1udc yellow streaks in the leaves
belwcon the veins: natrow, undersized and stiff leaves in the spring are
10 4 vood iidivat.on.  Lhis disease is cailed ''little leaf'';

o overcome wmine deficicncies; use zinc sulfate by spraying at the
de Ot 30 pounds per 100 palions of water. Application should be made

irectly to the soil for sweet cherry and walnut trées. Both app11cat1ons
shivild be done during dormant season or in early spring cr fall. Caution:
Pivdior ceridin conditions, vally spring v fall app11cat10ns may cause

i Lk;a'vcs.

BENSIPY
ARG

5 ridguired nidch more than zine or copper in tree growth,
_ ¢ alorophyll formation. Lack of iron causes yellow1ng3 of leaves
Gy elnst end bOl)lLtllT‘Lb a Complete toss of green color: Iron is not

“iLs o Lca fro2oll, but may be made unavailabile du: to an excess of

CUiiioncica'ly replenish iron to the {ruit tree, it is best to drill
S i of thie tree and apply ferric citrate powder in the holes
st Ll rate ol Bile- tc‘.‘iltl ounce per hole in large trees and one-twentieth

o e bole o smaller trees.

..pir feficielicies are not too common, but when they occur, it

calby o ther mild-sumrner season Wwhen the leaves become brown at

§ . .zt niany fall from the tree. Copper deficient trees may ultlmately
Luine d-.."arfed in appearance The safest method of addxng copper to the

thie tree at ‘he rate of 5 to 20 ponrnds per tree;

Other elemonts necessary for the growtn, etc., are sulphur, chloriiie,

sodium, an-d calcicmr.

Uinless otherwise stated, there are five principle methods of applying
the essential clements to fruit trees for best results; The practicality of
cach inethod is déetérmined by the element in guestion and by what objectives
are being sought 1 a fertilizer program.

21z o
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Spreading of fertilizer around the tree - This miethod is i
desu'ab e in applylng a narrow band of fertilizer in a circular

"leaching down'' of the elements to a small percentage of the
roots. A fairly concerntrated fertilizer would be required with
this method.

Fertilizing deep inito the soil - This system is good if certain

elements are found to be unavailable to the tree. By dlgglng

several deep Holes around and near the root system, and
filling the holes with fertilizer; at least some of the elements
would become available to the roots. This is particularly true

w1th potas sium anad phosphorous N1trogenous fert111zers used

applied at the same time; th1s method may be desirable by
using soluble compounds in the irrigation water.

Through holes in tree trunks - This method has briefly been
recommended for Several of the elementa. This method is

desirable for orchards where the S¢F 1 is such that 1f certaxn
elements were applied directly in the so11 they would not be

available to the tree. Avoid using this method durmg the

growing season.. Wait for the dormant secason, if at all possible.

SErazmg A good method for cert:nn micronutrients because

of qrnck response to readily available elements in comparison
to availability in the soil:



UNIT II - BOTANY Of HORTICULTURATL PLANTS

A. CLASSIFICATION

The common classification of horticulturzl plants or fruits includes
fruits, vegétables and ornamentals plus med1c1nal plants. However the
horticulturist finds it necessary to farther classify his field in more detail
based on growth habit and similarity of plant parts. This type of classification
is broken down into three main subdivisions.

Armuals

Annual plants are those which in the course of one year grow, flower,

and produce seed to cornplete its life cycle and then dies. Omne year is the
rmaximun amount of time required to complete the cycle. However, even
though garden vegetables (beans, peas; etc:); weeds, and ornamentals
usually require three to four months for this cvcle, they are still con51dered
to be annuals: Tomatoes; for example, may actually be pro;onged in growth
in a groenlicuse for imore than a year but are still considered an annual: On
the other hand, it is po¢s1b1e for certain annuals to become peremnals (live
nicre than two years), if they are growing in a frost-free climate and are
not susceptible to "frost-kill'. This, the term ''annual' is a highly flexible

oot
5 -ontals

Bil-nmjd] 'Jldnts are those which need parts of two full years to com-

Dl abetr 1ife eyele. This means & plant grows vegetatively one year and
prodiuces see v the next yea1 This is true of the carrot, beet, onion, and
df/[JeL)jk Iowever, most people convert these iibiennials'' into "annuals" '
Hheo Lacvesting their roots or leaves the first year. Cultural practices, in

s case, arc the factors affecting the classification., It is only when these
1 ave prown for seed that they are considerad ''biennials''. Although,

. = hurticultural plant;, "winter wheat'' is a trie biennial since it is planted
i the fall of one year and harvested during the next spring. The term

l;ien'mal, 4s with armual is qu1te flexible;
Poerennials

Perennials are those plants which normally live for more than two
years. The perennials are divided into two groups called herbaceous and

woody.

H( rbeuvous perennials are those plants possessing soft and succulent
stéms. In certain climates, the tops or vegetative growth of the plant will

~23-
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e down alter one scason of growth:  However,; the roots often i ¢main alive
and are able to produce new shoots and growth the followu'lf_, season. These
tops may be consiaered annuals; and the bottoms perennials: Such plants as
anpicrapgus; rhabarb, poppy and tulip are terrmed herbaceous.

Woody perennials are known as trees, shrubs; and vines. This is
because the ir top ;,rowth U‘a\ldlly remains woody in natire, even durlng
dormiant periods. Such perennials are ncually upright in growth and the
stems or trunks are the main axis from which smaller shoots or branches
«j)l‘igin:d.h. Gthiers may ha v no main axis and many different stems originate
[ram the crown (durface of root system) forming shrubs.

Waody perennials, specifically fruit trees; are what we are chiefly

conrcerned with in this manuoal:

To distinguish between fruits; vegetables and ornamentals; it is
pood to remernber that the term fruit’ is used when a plant's fruit is eaten
viersis a 'vege table” mi anirng when the leaves or roots of a plant are used
for food. Worldwide; these tveo terms are used slightly different; thus, in
the United States; the ‘fomdto is ornrrmnlv cdlled vegetable, wherezs
other coiintrivs may call it & frizit, In general; the two definitions stated are
correct for moest of the world;

"Ornamecntals’™ are S1mp1y pla'lts g*own for their ornamental value.
This term may conflict wvith frurts as In the case of grapes, w h choare not

Al..dys grown for their fruit, bit for crnamental reasong, as

o
v

An 1r~*portdnt factor to remember is that, in gerﬁeral; classiii
of horticultural plants is largely determined by cultural practices of the
world as well as the purpose for which they are being grown.

B. AMATOMY OF PLANT GROWTH

Anato'my 'o'f p’iant gro'wth refers to its’ StrUCturé Structuré rel e*E

aii’c' form piant organs. These organs are known as roots, stems, leaves, .
flowers, fruits, and seeds.

Cells are rectangular in shape and inside the cell wall there is a
substance known as protoplasm. In the protoplasm itself, there is cytoplé

vacuoles; a nucleus; and plastids.” The nucleus is the most lmportant part
because it carries thread-iike structures (chromcscmes \xh\Ch div ihetds
more cells allows ing for growth and carrying on hereditary cha*ac\.er stics,
Around the nucleus is a gelatine-like material (cytoplasm) which aids in

the movement of nutrients. Within the cytoplasm are found plastids which
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contain starch, fats, proteins and pigments: The green color in leaves is
created by the chlorophyll corntained in the plastids. These are called
chloroplasts which together with the sun's rays produce sugar from carbon
dioxide and water. This process if known as photosynthesis. Also, in
cytoplasm are found vacuoles; which contain a substance known as cell sap.
(Figure 9.)

pldnt growt‘l

Parenchyma cells are the simplest and also the greatest in number.
These cells contain protoplasm and divide easily. Parenchyma cells are

found in great numbers in roots and stems; particular ly in young growth.

They arc¢ also prevalent in other organs of plants and can stretch easily
'Lllowxng for expansion in size of certain fruits, such as berries and cherries.

» cells are long and narrow, contain protoplasm with
thickened arcas along sidés and corners of the cells for strength. They are
found in herbaceous stems and midribs of leaves where they provide valuable

siipport for growth.

oy Ll:: appear in pears; and shells of nuts and are called fibers,

PLASTID CELL WALL

VACUOLE
-

CROSS SECTION OF A TYPICAL CELL
FIGURE 9
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Tissue and Cambium are the next stage of development: Tissue,
the 1esu1t of cell groups coxnbmlng, called xylem and phloem forms a
system which connects the roots with leaves,; flowers and fruits through
the stem. The cells of xylem tissue conduct water and are called tracheids
or vesséls. Phloein tissucs condict the manufactiured foods. This tissue
consists of sieve tubes; dead fiber cells and living parenchyma cells: In
woody stems of fruit trees, the xylem forms the wood, while the phloem
makes up the bark or outside layers of the tree. Between the xylem and
phloem is a layer of cells known as the cambium: Cambium cells con-
stantly divide fornnng new xylem and phloem cells, and thus growth and
expansion of the tree trunk occurs. The old xylem cells become the
heartwood and pith inside the stem or trunk. The old phloem may die,
become corky and fall off,

action and subsequent new growth By counting these rings; the exact

apge of the tree can be established:

Meristematic Tissue is important because it is the tissue resnon-
sible for elongation of stems and roots. This type of tissue can be found
at the apex Ytip’) of shoots and roots and because of its rapid division and
subsequent development; both organs grow in length:

C. . FUNCTION OF PLANT PARTS (ORGANS) e

~

the soil for gjrowth and also lend phys1ca1 support to planfs and trees by
the11 anchounu i ffect in the so11 The absorw‘t1ve powcr of the roots take

and leaves, thcrefore allow1ng for upward trahsportatxon of water, nutriemts
and manufactired foods for use in growth processes of leaves, flowers, and

iruits.

Leaves are actually stems in themselves, although considerably
modified. Their chief function is in the manufacturing of food whereby
water and nutrients from the soil brought to the leaves through the roots
are combined with carbon dioxide of the air.

Flowers are modified leaves on special type shoots: They are
necessary in reproductioh or formlng seeds because they hold the male
and female parts,r elthe,{ in the same flower (hermaphroditic) or in

separadte flowers (rrionocecious).
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Fruits are not actually that important to plants or trees. Although
sced(s) adhere to therﬁ, their importance lies mainly in ecoriomic value and
not in serving a crucial function for growth,

Seeds function entp‘cly for propagatlon purposes. In economic terms,
thuy function as food for humans,; such as wheat and corn:

D. REPRODUCTION AND FRUIT SET IN PLANTS

There are two ways which plants may be propagated. They are
referred to as sexual (from ééed:.) and asexual (vegetative parts).

Sexual reproduction occurs from cell growth due to the male and
female elements combining together Thesc two ele.dernts dre produced i1

blossoins. Theé male portion is known as the stamen. It consists of a stalk
or filament and the anther where pollen grains are produced. The female
portion is called an oviilary. It coitains a stalk or style and a stigma. In

the ovilars y are one or more ovules producing an egg cell which rr may or may
not be fertitized by a male cell (gamete) from the pollen grains. Pollination
oceirs in two ways. Se1f£0111nat10n occurs when pollen is transferred from
thé anther to the stigma in the same flower: Cross-pollination occurs when
pollten from the anther of one flower is transferred to the stigma of another

~

flowet. (

 COROLLA OR
Ve FLOWER PETAL

STIGMA

STAMENS

OVULES

ANATOMY OF A FLOWER
FIGURE i0
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Both types of polllnatlon insure fertilization., Thus, the resuilt is
self-fertilization and cross-fertilization. The process of polhnatlon and
fertilization is greatly aided by varlou)agenc:les These may include wind;
water, insects, and certain birds.

For example;, wind may trigger the anthers to lose their pollen and

thereby come into conta:ct with the stIgmas Insects (honeybees) transfer ,43"‘“

pollen from one flower to another while in search of nectar by the means of
pollen sticking to their 1egs

are used to prornote new growth of stems; 1eaves, or roots. Seeds are
the¢refere not a part of asexual reproductlon With fru:t trees; asexual

reproductxon 1s the most 1rnportant mieans of propagation. Asexual repro-

1. Cauttings - This 1nc1udes both stem and root cuttings. Stem
cuttings can be made on both herbaceous and woody raterials.

Common herbaceous plants propagated by stem cuttlngs are
geraniums,; chrysanthemums; and carnations. A stem (four
inches long) with at least one growing tip is cut; placed in moist
Soil of sand and roots then begin to develop. Common woody
plants, such as the rose and blueberry, can be propagated by
this same method as long as the wood has matured: Many

‘ ornamental shrubs ard trees are propagated by this rmethod;

including both evergreen and deciduous plants.

Robt <.utt1ngs are a common ineans of propagation for the
blackberry and raspberry bush, and sweet potatoes. This
method involves cuiting a loot about one-fourth inch in diameter
and from two to four inches in length and plantlng in the same
way as for stem cuttings. When planted; root developrnent will
‘take place. :

2. Layerlr_a_g -~ This method refers to Iayers or branches of a
plant or tree covered w1th 5011 The branch part to be covered
where probable root growth develops. This is because growth
substances will accumulate at the broken point and promote
rootIng After suffii::iént root development occurs, the branch

There are three common types of layering used; tip, rnound
arid simple: (Figure 11.)
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FIGURE I
3. Grafting - This method refers to a type of asexual reproduction

whereby a scion of one variety 15,'.}m1ted with a rootstock of
another var1ety Scion refers to a stem with one or more buds
present, or a single bud itself. Rootstock, of course, is the
lower portion of a plant or tree not conta1n1ng buds. Whether
buds or stems are used, the main requirement is to ensure
trat the cambinm layers of both the scion and rootstock comie
into contact so that the cambium cells of each continue to grow
and form a permanent bond between them: Also, it is well to
remember that not 311 scions and rootstocks are compat1b1e

in uniting different®scions to d:fferent rootstocks and relative ease
of operatwn There are several methods wh1ch can be chosen

Grafting Methods

‘The Whip Graft (Figure 12) is used for propagation of apple or pear

and certain ornamentals. This type of graft is common for (young) fruit
-29.
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trees where the diameter of the scion and rootstock do not exceed three-
fourths inch. Both scion ard stock are cut at slanting angles. About one-
third of the distance from the pointed end of the cut on each piece, a tongue
is cut. Both scion and rootstock are then locked together ensuring that

both cambiums are in contact Wwith otie another Then, a rubber band of
desired length is wound around the graft rather t1ght1y and uniformly. After

banding; grafting wax or beeswax, in liquid form is painted over the entire

graftéd surface to keep air from entering the cuts and drying out the cambium:

Caution: Heated grafting wax should not be boiling but merely in a
wirm fluid state; otherwise injury to the delicate tissues may occur.

Formula of Grafting Wax

Reésin 1 pound
Linseed Oil 3 fluid ounces
Parafin 5 pounds

¥

WHIP GRAFT
FIGURE i2

from three-fourths to two and one- hah tnches, (Fxgure 13) This method

involves sphtt1ng the solil rootstock or stiib and inscrting two scions into

5. 40

!
!



the split. Both scions should have at least 50 percent contact with the outer
cambium layers and each scion should be cut with two equ:il slants to fit

the angle of the split: After inserting the scions; grafting wax is apphed
Upon union, 1*‘1ea11n'g 'a’.n’d growth takes place and the weaker of the two scions
1s cut and removed. This prevents a weak tree (poor angled crotch) from
forming in the years to come: Always remember to check the grafting wax
{(at least once a week) to ensure that cracks have not developed which would

reqtnre rewaxrng

FIGURE 13

Stub Graft. A new variety may be desired on an old, well-developed
tree. ¥For this, almost the entire top growth will need a replacement of
scions. This replacement can be done with the use of stub grafts (Figure 14);
Branches of one inch diameter can be used. An off-branch is completely
removed and the desired scion is inserted about one to two inches from the
inain stem. Agadin, cambium contact and waxing are extremely important

for success.

Bark Graft is sometimes referred to as inlay veneer graft. This

method is useful on large stems or even trunks of trees. Many scions may

be used W1th at least two buds present per scion;: The procedural technique
follows closely that of the cleft and stub graft -- except there is a slightly
different cut of the scion {Figure 15). Because of the bark being older, the
scion will usually be held quite firmiy by the bark alone.

41



STUB GRAFT
FIGURE i4

BARK GRAFT
FIGURE i5
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Budding: This method differs from other types of grafts in that
Only one bud is used and without its original scion: An existing bud i8
replaced by a new variety of bud. Siccess is agdin dependent on the union
of the bud cambium with the cambium surrounding it by the branch or tree.
Budding is increasingly being used as the main method of propagation over

other grafting methods.

~Bud wood 's'eTe"ctibh Bud v’v'o"o"d is comparable to the scion in g’r&ffiﬁg;
growth are used. The leaves are removed from the stem and only the
middle half of the stem is used for budding (three to four buds). The
remainder is discarded.

one stem: This bud wood is then stored at 34° F to 450 F in moist burlap or .
gunny sacks.

Budding is done in several ways. One is called a "T'" bud. (Figure 167)
A hortizontal cut is made in the stock ard a vertical cut is made below it to

form a "T'. A bud is cut from desired scion variety in the form of a small
shield, the woody tissue removed; and the bud inserted inside the "T''. The
cut area is then wrapped with a rubber band, twine, etc:; and waxed. Actual
buddlng is done in the spr1ng Just after termlnal grOwth takes p]:ace and when
the cambium is active, or in late summer while terminal growth is still

active.

o Other types of cuts are known as the ""H'' cut and the patch cut. The
"H'" cut is similar to the "T'', except the '"H' type has two vertical cuts,
i;xétead of one as with the "T'". The patch cut is s1mp1y remOVIng an entire

BUDDING
FIGURE 16
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UNIT 1iI - INSECT AND DISEASE CONTROL IN ORCHARDS

A. CLASSIFICATION, DAMAGE, AND CONTROL OF INSECTS

N Orchard insects may be classified three ways: (1) sucking insects;
’(’;2‘) cheW1ng or leaf- €éating insects; and (3) borers.

~ Sucking insects feed upon the foliage, bark or fruit of a tree by
suck1ng juices from various cissues of the organs through means of a tiny
beak. Damage,therefore,occurs according to the amount of liquid food
consumed by such insects. Common sucking insects are aph1ds, scale

insects; rncalybugs, leafhoppers; and mites: All these insects are very

tiny in size and are controlled by contact sprays (sprays which cause death

of insects on contact because of burning; paralysis; etc.). Contact sprays
such as nicotine sulfate; retenone and pyrethrum have been used for years

in controlhng suckmg 1nsects Newer 1nsect1c1des such as DDT chlordane,

they are insecticides for both chewing and sucking insects. It is important

to remermber that any of these insecticides should be apphed only Whén the

insects are visible on the trees and applications should be made repeatedly
(two or three times) to ersure that newly hatched larvae will be killed.

Chew1i1nsects obtain their food by chewing and eatIng plant tissue
such as leaves, flowers, buds, and fruit. Because such insects may consume
Scveral times thoxr We1ght in food each day, the damage to fruit trees can be
rether high and devastating: Common chewing insects include the apple-tent
caterpillar, bagjworm brown- ta11 moth cankerworm, webworm, cutworm,
leaf roller; and Japanese beetle.

Since these insects chew plant tissue, control measures have always
béen cifective by using a stomach poison such as arsenate of lead. However;
DbD7T,; chlordane, hndane, etc:; are newer forms of insecticides and kiil
boLh by contaet and through the stomach therefore, they are rriore oopular

A few notes of caut1on are worth ment1on1ng at th1s t1me. Any of the

different parts of the world. Under any circumstances, it is well to spray
according to the instructions marked on the package or bottle.

Also, any fruits that have been sprayed with arsenate of ]:ead shouid

eaten

Borers are the most disastrous insects since they vitally affect the
life of a tree by boring small tunnels between the bark and the wood; thereby
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destroying the cambium layer of the tree. They may also bore into sapwood
and heartwood weakening the physical strength of the tree and allowing fungus
to develop There are many types of borers but they are usually classified

Control of borers may occur through their predators or matural
enemies, such as certain flies or the woodpecker which feeds on the larvae.
More 1mportant1y, dead branches and dead trees should be removed and
destroyed (burned) to eliminate future breedlng places for these insects;
but the most effective method again is one of chemical solutions or sprays.
Two of the most cffective materials are carbon disulphide and cyanogas
applied directly into any visible tunnels of the tree where the borers may
be present. After applylng e1th«_r of these materlals the opernng of the

the tunnel and kill the insects. A preventatxve control is to spray the trée

trunk with DDT while the adult borers are laying the eggs. Another spray-
ing should be applivd as the young larvae hatch and move down the trunk.

The common peach tree borer, if allowed to penetrate below the
soil surface, may be killed by applying paradichlorohenzene crystals
around the trunk about two inches below the soil surface.

As mentioned, not all control is by chemical app11cat1on Bi'o’i’o’gi'céi
control occurs when an insect's enemies keep it in check by feeding on it;
thereby lower1ng its population in a given area. For example, _the praying

martis feeds on live hornets, spiders, etc. Ladybugs or lady beetles feed

on aphlds or plant lice. In fact if it were not for bioiogical control, the

world would be overrun by insects. Chemical control, by itself, would
probably not be able to control such insect populations.

Some harmful insects may actually serve in a beneficial manner.
Borers, for example, are useful when they are active in dead trees causmg
gradual decomposition of the tree Termites can also be helpfui in this
capacity:

Somie cultural practices may aid in the control  insects such as
pruning or thinning the fruit tree to allow easier and more complete spray-
ing of an insecticide, painting tree trunks to reduce egg laying by certain

borers, and using tarpaper collars around the tree base to guard against
customers;

B. CLASSIFICATION, DAMAGE AND CONTROL OF DISEASES

Orgéﬁiém'é responsible for diseases in fruit trees are grouped as
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Bacteria multiply rapidiy by cell division within the host p]_ant %héy
ar¢ moved about frein pldce to pldge in the spore stage by 1nbects, mam,
annmnals; wind; and water: Certain bacteria are parasitic in nature deriving

their food from living tissue. Other bacteria are saprophytic and thrive on

dead tissuc.

Thé 1iost Serious bacterial disease is known as fire blight. It strikes
at the apple; pear; and quince fruit trees and is noticeable by the browiing
or darkening of flowers and leaves near the tips of twigs or branches;
usually causing the br anches to die. The infection cccurs in early spring by
bd(tL ria which have been dormant durmg the winter season in infected twigs.
[t s u:ually spread by water and almost surely be becs durlng polhnatxon
Pruning tools may also carry tnis bacteria as well as sucking insects. New
succulent g_,xowth is most >11scept1bie and complete loss of the tree may

"occur as well as an entire orchard. :

Cultural control is etffective in reducxng the spread of this bacteria.
lifccted branches shoild be reiniovied and burned. If this is done by pruning;
the pruning equipment should be sterilized with a two to five percent soclution
ol lysol or hexol. Fertilizer should be withheld to reduce the rapid growth
of new succulent tissue, Any wounds ¢houild be sterilized with either lysol

or tesol:

(,l e nucal control 1ntl "é spraving the blossoms with an antibiotic
P 8

Another sericus bd(.t(,rlal dlSLaSt: is called crown gall It i'n’f'e'ct's’

tiv itily apple trees by emtering wounds because of g_,xaxtr:g, or plun1ng and
(e résult is swellings on the roots or in the trunk: Growth may be reduced
and roots may die, Younz trees are more . siisceptible than older ones.

i evention is the hest comtrol:  Good cultural practices such as guard1n?
dudinst dany wotinds on the tiees is a good step towards minimizing crown
Sall: It possible; al vayb USe resistant varieties or good non=-infected

nitrsery stock;

Fungy, like bacteria, do not rianufacture their own food. They are;
therefor e, 1ellant on dead (saprophytic) and living (paras1t1c) tissues to

sustain thémselves, Fungi spures dre transported in the same manner as

i);n ’to{i;x F EII‘lE',l are cornphcated organ1sms probably best descr1bed as:

hLTVIIVTL root rot; others may grow inside the host, elupt and cause downy )
mildews, leafl spots, blight, rusts, anthracnose; and scabs. There are others
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or causing comm»n ''wilts'. Thus, control measures are different for each
type of fungi. Of particular importance to the fruit grower are the following

types of fungus diseases and their possible control.
1. Anthracnose (bhght) is a leaf and tw1g disease sometimes found
in walnut, cherry, and plum trees. Symptoms are brown to
reddish-brown or purple spots on leaves, particularly along and

between veins. The leaves eventually die and fall off. Twigs
become infected and the entire top growth of the tree may be
retarded in growth, Death of the tree may occur. Control
measures include burning of infected branches and twigs and

spraylng w1th three app11cat1ons of Bordeaux m1xture The f1rst

and the third on half-grown leaves:

2: Aprle Scab and Cedar-@pgle Rust are two diseases that are
serious W1th apple trees and may cause 1053 frmm 56 to 100

(Malus). If one of the two hosts is destroyed the rust will not
appear on the Malus type apple tree or Redcedar depending on

which is being grown. Obviously; the apple tree is of concern
here and, therefore, preventive control of this fungus disease
would be to ensiire that no Redcedars are being grown within

at least one mile of the apple orchard. CThemical control in-
cludes periodic sprayings of either a sulfur or Bordeaux mixture
starting with the leaf buds. Cultural control includes burning -

of diseased leaves; twigs; and frvits.

3. Leaf SEots appear as 1rregu1ar Ly sloped areas, discolored, or
dezd tissue on leaves. This disease is sometimes referrad to
as blight or blotch. Leaf spots are not disastrous to a fruit tree
except when the number increases withott contrnl and Severe
defoliation occurs. Spores are carried by the wind. Leaf spot

is  easy to control e1ther by burnmg old leaves and/or spraying

and copper-lime dust can also be used:

4, Powdery Mildew forms a white covering over leaves. It, like
leaf spot disease, is not extremely harmfui and is easily con-
trolled by burn1ng of old 1eaves and spray1ng W1tk wettable sulfur.
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Viruses are infectious agents seen only through an electron micro-
scope. They are known chiefly by what they do; They can neither be

prevented nor controlled by spraying. However, it is known that plant
viruses are transmitted mainty by sucking insects and since it is possible
to control such insects, these viruses can be assumed to be controlled also.

Control has also come about through breeding of resistant varieties of
plants and trees.

There are two types of virus diseases classified as mosaics and
yélléﬁvs Mosaics are defined ag a mottled dark and hght leaf color; and
yellows as off color of a leaf. Both may resiilt in stunted growth, crumbly
fruit; and possible death of the tree. Peach; plum and cherry trees are
highly susceptible to yellows. :



UNIT IV . - POME FRUITS

A, CLASSIFICATION AND DESCRIPTION

This classtf:catxon is based on the premxse of the botamcal subfamily;
Pomoideae, because of some common physiological characteristics: For
example; all three of these fruits are; to some degree; susceptible to fire

blight disease. Also, plants of this subfamily tend to be compatible for

grafting on each other.

B. PLANT REQUIREMENTS

originated in Western Asia in the northwestern part of the f—hmalayas where;
today, one still finds areas of wild apple species. An apple.tree begins to
bear after approximately six years of age and continues for anocther 40 to 50
years.

supply for the dry season, although apple trees are more tolerant of wet and

poorly aerated soils (in comparison to many other fruit trees outside of the

pome fruits). Tree spacings will vary from 35 to 50 feet, depending on the

type of plarting arrangement used; See Figure 17.

pears are very similar in many respects, the 1nformat1on on apple trees can
be applied to the pear tree. There are a few excepticns, however, and they

are as follows:

1. iﬁ general, pear ﬁ-eeé canno’t fbierate extremei? cold winters

3., Fertilizer applications becormie a Bensitive factor with pears

due to the fact that fruit bearing occurs almost entirely after
vegetat1ve growth slows down Thu’s, 11ghter applications of

susceptible to fruit injury in a late spring.
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 The guince ranks third among pome fruits. It is grown as an orna-
mental and for the preserves and jellies procesged from its fruit. The

quince tree is very susceptible to fire blight and quince rust.
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' QUINCUNX HEXAGONAL (EQUILATERAL )
TREE —PLANTING ARRANGEMENTS

FIGURE 17

C. PROPAGATION

Apple trees are mainly propagated asexually by budding. Varieties
of suitable local apple rootstock are used and desirable buds (two or three),
or the scion, are grafted to one another. -
- As with apples, pear trees are also propagated by the budding method.
Besides using pear seedlings as rootstock, quince rootstock can be used if
dwarfing is d'eéi]r'ed;

The quince is propagated usually on its own rootstock attained from
cuttings or layers.
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D PRUNING

Pruning of fruit trees may be defined as the art of cutting away parts
(branches, twigs, etc:) of a tree for the purpose of actually training branch
growth in such a way as to reduce limb breakage due to heavy fruit loads and
also to facilitate spraying; thinning and harvesting of fruit. In general, best
pruriing results are- attamed when pmnmg takes place either in late fall or

early sprmg after leaf fall and before leaf set. Pruning reduces total volume
of growth, but it also increases the nitrogen supply to the remaining buds of
a trez. Heavy pruning, as such, will then promote heavy vegetative growth,
which may not be desirable for certain friit trees as this may delay fruit-

bud formationa and further reduce the total crop.

framework for heavy fruit bearmg. By pruning, a fruit tree can actually be
trained to grow in such a way to produce this strong framework., Fruit trees,
by their natural process of growth, simply do not prepare themselves for
heavy fruit bearing; therefore; artificial rnethods are requ1red'

In pruning the young poime fruit trees, a system known as the "modi-
fied leader system'' is widely used. This system involves the selection of
three to five main branches around the trunk; spaced aoproxunately one foot

apart and at a wide angle with the trunk. Each selected main branch should

havz two to three well spaced side branches which serve to form the basic
striictiire of the tree. This type of system will usually take two to three
years of growth to develop.

As the tree gets older, broken and diseased branches should be re-
moved. Any suckers or ''water sprouts' should also be removed:; If many
inside brarches.are-developing, these should be thinned out by good prunmg.

- Pruning itself is done with a sharp handsaw, hand shears, or actual
pruning tools available in most parts of the world: Pruning cuts should
always be made as close as possible to the branch origin; Usually the
bottom of the branch is cut first and then the top. This will help prevent
tearing tie bark due to the weight of the branch: Since fire blight is a
serious disease in pome fruits; pruning tools should cont1nuaﬂy be sterilized

in either lysol or hexol;
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iji\uT V - STONE FRUITS

t.?'

A. CLASSIFICATION AND DESCRIPTION

Peaches, pluimis, cherriés, apricots, almonds, and olives are all
considered stone fruits. With the exceptmn of ohves, all are deciduous

trees; t;hat is, they shed their leaves during the winter or dormant season.
The olive, on the other hand; i8 considered an _evergreen fruit because it

does not shed its leaves during the dormant season and there is actually a

certain amount of growth that takes place the véar round. Olives and other
evergreen fruits are considered to be subtropical or tropical plants and
highly intolerant of low temperatures.

Stone fru1ts are a1so known as drupe fI‘UItS n botanxcal ciassxfxcatxon,

of this genus are nearly all susceptxble to a brown-rot fungus. Many viruses
attack the stone fruits. There is some degree of graft1ng companb111ty,

although the degree is not as great as that among pome fruits.

B. PLANT REQUIREMENTS

_ i . _ o S . S o -
Peaches are one of the most important stone fruits in the world,
having originated in Persia. It is a rather large fruit and quite tasty:

Feach tr es grow well in relatively light soils (p}i of 6.0) which are

even sandy in texture. Water and nitrogen requirements are quite high: A
climate, which is generally frost-free, is best for peaches. because they tend
to bloom early fin spring and are not particularly tolerant of cold winters.

Spa'cin'
in general; 15/ to 20 feet is demrable Spr1ng planting of young nursery stock
is desirable tc/r.» avoid winter injury. The young peach tree is set slightly
deeper in the 'orchard than from the nursery. The roots should be well packed
with soil at planting time:

Plums are another important stone fruit. They are native to ‘many

piaces and particularly to parts of the United States. They grow on a wide
range of soils and are quite tolerant cf wet and poorly aerated soils.



The greatest climatic limitation relates to the brown-rot fungus A
chmate Where summers are cool and dry will greatly aid in reducxng the

A spacing of 20 to 25 feet is often cormmmon in plum orchards. Young
trees are planted in the spring although they are mich more tolerant of cold

winter than is the peach tree:

Certain types of plums are used for prune making. This is possible

if the plum has a high sugar content and a firfm flesh. The process of mak-
ing prunes is rather simple, Desirable pluins are iminersed in a solution

of one pound of lye per 20 gallons of water for a few seconds. This allows ,
for the wax of the plum to be removed. The plums are then perforated by
running them over a board of needles. Tlis allows the skin to be permeable

to water. The plums are then placed in the sun or dehydrators and allowed
to drvy, B

Chemes are known as e1ther sweet or sour" (p1e cherry) Usuaiiy

Caspian Seas. Climate is the most important factor for sweet cherry growth.
S1nce 1t is suscept1b1e to brown rot, 1t is best grown in L areas where the

from cold winters. . Soil conditions favorable to sweet cherry growth are
found on deep, well drained soils. Sweet cherry trees grow well in low
rainfall areas because of early fruit ripening before depletion of soil moisture
occurs: Orchard spacing is usually within the range of 25 to 35 feet and
cover crops are usually planted for cultivation purposes, Sweet cHerries
require less nitrogen than do peaches:;

"Sour 'chérrié'sA" originated from the same area as the sweet cherry.
In contrast to the sweet cherry, the sour type requires more nitrogen for
growth and fruiting and also more water, Climatically, sour cherry trees
thrive better in colder climates versus the warmer areas for the sweet
eherry. This is because the sour cherry tre= requires a rather long chilling
time dur1ng winter for its growth processes. However, sevegre cold winters
can also cause damage to the sour cherry tree. Young trees are planted in
the spring with a spacing of 20 to 25 feet:. Cover crops are also used in sour
cherry orchards.

but are restrinted c11mat1ca11y for good fruit set. This is because apricot
trees bloom earlier than the peach; and frost-free areas are that much more
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originating in Western Asia:. The big dlfference between the almond and other
storc fruits is that it is the seed of the almond which is eaten and not the

fleshy fruit as with peaches,; plums, etc.

As with apricots, the almond tree is especially susceptible to an early
frost becauvse of early bloom. It is therefore essential to grow almonds in
frost-free »reas. Almonds do exceptionally well in heavy soils. It also
competes with the peach tree for a high requiremnert of nitrogen.

Except for one or two species, the olive tree is a tropical plant;, as
previously mentioned, and thrivés mostly on poorly aerated soils of the

world. However, this is not the ideal soil for olives as a good; deep well-
aerated soil would produce better olive crops. Olives require less water

than most orchard trees; due mainly to lower transpiration losses. However,

its nitrogen requirements are as high as most deciduous fruit trees. The
olive tree is thought to have originated near areas of the Mediterranean.
Today, Spain produces the largest share of the world's olive crop.

other evergreen orchard species. A mild ch1111ng season is des1red to induce
flowering. The most dangerous disease of olives is called olive knot. This
bacteria enters bark wounds and produces wart growths, sometimes causing
death of the tree. Control is by cuiting out the growths and disinfecting the
Wounds and pruning tools. Spacing of trees in zn olive orchard usually is
about 35 feet.

C.: PROPAGATION

Peiches - Peach seedlings used as rootstocks and scions of suitable

varieties are budded on to the rootstock. Trees are budded in late summer

and after one year's growth they are sold as nursery stock;

Plum's - Propagated in the same manner as peaches using suitable
plum rootstock.

Chgmﬂs Also budded on various cherry rootstocks in a similar
manner to peaches. This is true for both the sweet and sour cherry.

Apricots - Budded on either peach or apricot seedling rootstocks.
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Almonds - Grafted onto their own rootstccks:

Olives - Can be propagated by cuttiigs. This is done using older

teafy shoots cut about four to five inches long with at least two leaves at the
top of the shoot. The cutting is then placed in moist sandy soil where root
development occurs. Cuttings shculd be made in the fall. After two sumimers
in a nursery, the individual cuttings should be ready for transpla.ntxng to the

orchard.

D. PRUNING

branches about two to three 1nches long: The main stem should be cut at a
height of 24 to 30 inches. During the second year, the main scaffolds will
have developed and secondé.i'y branches will occur. Pruning at this sta.ge
includes thinning out competing branches. Since fruit bearing occurs on
new -growth each year, continual pruring or heading back of old wood should
be done for each successive year.

ﬁiums' = Sin”c'e {th'er'e are so many vari'eti'es of piums with varying

tree require the least of prun1ng as the tree matures. However, at omne Vear

of age, it is advisable to train the growth with the modified leader system:
Very light pruning of cross branches or rubbing of branches is all that is
required in later years of grcwth,

AE"ri'c'o'ts -~ The modified leader system is used in most apricot
orchards. .

Ollves = When planted in the orcha*d , young olive trees (bare-root)
are cut back to a height of 24 to 30 inches. There is very light pruning

throughout the life of an olive tree. Only water sprout removal and general

shaping of the tree is requ1red Hea.vy pruning is not desirable as scrious
setbacks in fruiting will occur:

Almonds - As with most orchard trees, the modified lezder system
is recommended:
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UNIT VI - NUTS

A. CLASSIFICATION AND DESCRIPTION

For purposes of this manual onLy the pecan and walnut are discussed,
although other nuts such as the pistachio, hazelnut, and chestnut are impor-

tant as well. Because of its close relationship to stone fruits, almonds are
not discussed in this section of the manual.

sumption of the mature seeds, similar to almond, which they produce
Again, as with almonds, the seed is what is eaten and not the fleshy part
covering the seed;

in classification, the walnut and pecan belong to the family Juglandaceae:

B. PEANT REQUIREMENTS

'~ The walnut tree originated in many parts of the world, most notably
China, Japan, India, United States, and South America.

shallow and poorly aerated soils: This is dué to the fact that its root system
st be able to permeate soil to at least a depth of five feet. Because of the

deep root system; cover crops are very 1mportant allowing for better water
penetration through the soil.

~ Ctimatic limitations vary greatly because of so many. walnut varieties

walnuts. Thxs is true for example in the State of Cal1forn1a (U.S.A.) where
Wwarm winters occur in the southern portion of the state and colder winters
in the northern part where most walnut orchards are found today. In fact,
California supplies most of the walnut crop for the entire United States.

The pecan is native to the United States and much of the anmual crop
is still harvested from wild trees in various parts of the country. It can

be grown in both humid and d.r1d climates, However, sirice most pecan
growth takes place in the wild; best crop growth and yield have been found
in soils that are very deep and well-drained: In arid areas;, pecan orchards
are sometimes placed along the rich and fertile soil of streams and rivers.
This allcws for available water by seepage to sustain growth during the dry
periods. However, because of higher susceptibility of various diseases in
humid areas; it may well be undesirable to invest in a pecan orchard.

o6
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Spacings vary greatly and should be determined more by local varieties
used and their ultimate size at maturity. This is also true for the walnut tree.

C. PROPAGATION

Walnut - Usually its own seedling rootstocks are used and desired

Scion buds are grafted onto these rootstocks However in 1 many. parts of

Pecan - Follows muck the same pattern of propagation as with the
walmut:
For both walnuts and pecans; better yields can certainly be brought

about by grafting different varieties to different rootstocks. As stated,; this
1s dune by budding and spec1f1cally with the patch or ring bud (Figure 18).

I

e Seam——

PATCH OR RING BUD
FIGURE I8

D. FRUNING

For wainu’ts very little resear ch has been conducted on gocd pruning
practices:. It is recommended however; that the fast growing and succulent

water sprouts be removed if they arise due to abnormally warm winter
weather,

Wi



~ Pecan trees require very little pruning as they are natural and,
therefore,rarée in building a strong framework. This obviously is a great
asset for the orchardman.
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UNIT Vii - CITRUS FRUITS

A, CLASSIFICATION AND DESCRIFTiON

As stated before, evergreen fruits include the citrus group which
grows on siibtropical or tropical plants; These fruits are quite sensitive
to low freezing temperatures. The evergreen citris tree does not require

the long rest per1od durmg W1nter as is so often necessary for de(_1duous

the year.

‘Common citrus fruits considered in this manual are the orange,

lemon, lime, and grapefruit. Al! are botanically placed in the family
Ritaceae. Citrus fruits are native to the Old World -- in China, India,
Fhilippines, Australia; and Africa. Now they are grown in almost all
tropical and subtropical areas of the world, including South America and
the southern United States where iemperatures are cooler than their original
native habitat. Most citrus fruits are acid in taste; except for the sweet

orange, Those that are too acidic for eating are usually consumed in a form
of drink or in cooking;

Some people often confuse lemons and limes as they quite often appear

to look and taste alike. Botanically they are very similar; however, the most

distinguishing factor between thern lies in their climatic requiremeits for
growth,

Limeés grow best in warm and humid regions and are most promment
in the tropics. Lemons require cool and dry environments and are most
likely to be found in subtropical areas. A person is, therefore, more likely
to find a lemon on the market in San Francisco and a lime in-Manila;

Oranges are either of the sweet or sour type. Both types are similar

in size; growth; and ‘appecrance. The sweet orange is favored for eating

purposes while the sour orange is used chiefly as rootstock for propagation
of the sweet orange, grapefruit, and lemon, Its rootstock is highly resistant

to several trunk diseases:

B: PLANT REQUIREMENTS

Citrus trees grow on almost any type of soil. Their root system is
not a deep one and tends to spread out near the surface of the soil. Because

of this, citrus thrives best on well-drained sandy loam, loam,; and clay loam
soils:. Soil structure with a good supply of nutrients is important; If
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© Do NOT PRUNE

WRAP TRUNK AND MAIN BRANCHES I,
iN FALL WITH DRY CORNSTALKS, PALM  / i PAPER OR CARDBOARD WRAP TO .
FRONDS; TULES; OR OTHER SUITABLE _ / PREVENT SUNBURN DURING SUMMER
INSULATING MATERIALS FOR FROST . !

PROTECTION. DO NOT COVER FOLIAGE
COMPLETELY AS IT WILL IMPFDE
PHOTOSYNTHESIS.

REMOVE SUCKERS FROM TRUNK

_ BUD UNION HIGH
I _FIRST ROOTS BRANCH HERE
BORDEAUX PAINT HERE «

GASIN FOR WATER. o\ lusk /" _solL LEVEL

BURLAP FOLDED BACK

TAMP SOIL FIRMLY AROUND BALL

LVOID SETTLING
SLANTING A YOUNG CITRUS TREE FROM NURSERY STOCK
FIGURE 19
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Oranges are grown in both subtropical areas and higher elevations
of tropical couritries where monsoon rains occur, Grapefru1t trees do well
in tropical lowlands.

These are wide variations of spacmgs in a young orcliard rangmg

from 15 to 35 feet, depending upon varieties being grown. If moisture is
not a probleri, a cover crop is usually grown in a citrus orchard.

Planting Instructions for G‘:Ei?iié

should be large, have a uniform healthy color, and be free from ev:dence
of pest damage and nutrient deficiencies.

the bark should be br1ght and clean. The bud union should be well-kealed
and free from evidence of sunburn, mechanical injury, or poor stubbing
of the rootstock,

The bud union should be at least six inches above the ball. The trunk
should be st~ aight and show uninterrupted growth as evidenced hy the growth
nodes on the trunk:

The ball should be moist but not wet; and the soil should be a solid
cylinder: The ball should be securely tied with a good quahty of burlap,
No root stubs should protrude from the ball.

It is important that buds come from trees which are true to the
vanety desired, and are known to be productive and fre=s from disease,

cess in the productlon of quahty citrus fruit.

C. PROPAGATION

The four citrus fruits are quite interchangeable for propagation
purposes. In general, citrus trees are propagated asexually by budding
on 'se"edllng stocks The c1trus frults mentloned below are desn-able



Sour Orange - Desirable rootstock for other citrus trees becaise
of promoting good tree growth and fruit quality on neavy soils with

poor drainage.

Y

Sweet Orange - Good for rootstock use on rich Bandi' icamis.

Lemion - Suitable rootstock on light sandy soils where shallow
soils lie on rich formations.

Lime - Not a desirable rootstock but when used, it is used only

on light soils:

Grapefruit - Adaptable to rich loamy soils but not at all desirable
on light sandy soils; therefore, it is not widely used as a rootstock.

D. PRUNING

) Pruning of citrus trees is not as important as with deciduous {ruit
trees: After the main scaffold brarnches have been developed, very little

pruning is required throughout the life of the tree. Pruning of young trees
centers riainly around the removal of water sprouts and training of the
scaffolds: With bearing citrus, removal of dead wood is about all tkat is
required. '
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UNIT VIII - VINE FRUITS

A, CLASSIFICATION AND DESCRIPTION

For purposes of this manual, only the grape is diacussed because of
its importance in many parts of the world, particnlarly in deveicpirig ééﬁﬁtfieé;

raisins, and for table purposes. ~ Grapes are thought to have originated in Asla
Mmor and more spec1f1ca11y in Northern Iran. Wh11e there are many species
the European grape industry for years. It is sometimes referred to as the Old
World grape.

Grapes grow actuaiiy as vines and live almost indefinitely. Fruit is
borne on the previous year's growth known as canes. Current season gr'o'ii)th'

is called a shoot. Thus, the gshoot becomes a cane the followxng season, and

so on., Often; in approx1mate1y three years; it forms the trunk or branch of
the vine.

Well-drained deep soils are the best for grape culture. Since a late

spring frost can be damaging to the blossoms, freedom from frost and cold

winters is quite important. Areas or elevations which provide for good and
quick drying cf foliage after rains are important to reduce the danger of mil-
dew. With commercial production of grapes being trained to grow on over-
head wires; no cover crops are used in the vineyard and clean ciltivation is
maintained:. Because of this, a vineyard should he selected where soil erosicn

will not be a problem or can at least be controlled.

C. PROPAGATION

~ Crapes are propagated by grafting, cuttings, and layering, depending
upon the variety involved. With layering, a stroig one year cane is placed

in a 'rrench three to four 1ncﬁes deep and the end is left protrudvlg. The cane

Cuttmgs mvolve usmg a cane whxch mcludes three buds. Oi—ie cut ié
top bud: When placed in the f1e1d only the top bud should remain above the
soil surface and the canes should be spaced three to four inches apart in rows.
As with layering; cuttings will root and young plants will be ready for field

planting in approximately one year:
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D. PRUNING

For grapes, pruning, and threfore training, of growth depends entire:
on the species grown: Some species are trained on wires; others cn stakes,
and wild grapes take their own course. To achieve commercial grape produc
tion profitably, some system of pruning and training i§ necessary. This is
due to the fact that a vine fruit, in this case grapes, does not form a strong
scaffold system and does not necessarily grow in a uniform upright position

better yields occur.

One popular training system is known as the '"Kniffin System'': See
Figure 20. It is thought wcrthy of detailed discussion in this section because
of its adaptability to many parts of the world:

The development of this system may take three years. It involves th
construction of two lines of wire approximately two feet apart and supported
by posts placed in a single row of desireu length, When a vine is planted, it
is cut back to two buds. After the first season; the stronger shoot is select
and tied loosely onto the top wire. The second shoot is removed entirely:
When the third season begins,; two or four of the best shoots from the origin
shoot are chosen and tied horizontally to the wires to allow for fruiting. Al
other growth is removed. Fruiting canes, about the size of a pencil, are ct
back to five to eight buds each. :

Once this framework is developed, pruning is done only to reduce th
number 6f75u6s to ensure new shoot growth and fruiting for the next season'

growth and harvest,

’
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KNIFFIN SYSTEM

FIGURE 20
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UNIT IX - TROPICAL FRUITS

A. CLASSIFICATION AND DESCRIPTION

Three Uﬁportant trop1ca1 evergreen fruits are the banana, Da:pava

and mango. Of these, the banana and mango seem to have orginat. d in
India, where both are still grown widely today on millions ,of acres of land.
The papaya; on the other hand; is native to tropical Anierica, part1cu1ar1y
Mexico and Central America. Botanical classification differs for all three.

The mango belongs to the fam11y Anacardiaceal, the pc.paya Caricaceal;
and the banana to the family Musaceal:

encrgy. It is favored for human consumptlon because of its ease for eat1ng
simply by peeling away the outer skin of the fruit.

The p_aEa ya is a rather large frgrt oblong in srxape and greerush—
hght yeﬁow in color; containing small black seeds. Its food value is low
and, in addition to serving as o fresh fruit; it is now grown W1de1y is a
source of papain. Papain is an 1mportant enzyme materIal used in tem-

derizing tough meats: (Figure 21.) .
Mangoes are somewhat §imilar in shape but smaﬂer in size to -

papayas. When ripe, the mango is orange colored with mixtures of purple

and red. The flesh of the fru1t is Yeﬂow to orange in color and quite juicy.

trop1cs where m11110ns of people enhance their d1et ConS1derab1v because
of the relatively good vitamin supply it contains, (Figure 22:)

5. _PLANT REQUIREMENTS

Baﬂanas do best on loam soils that are well-drained and aerated 7
st leact six “six feet in depth Banana trees requ1re a tropxcal climate and W11]
tolerate cool temperatures in such areas barring frost. However, ideal

banana plantations occu» best where the temperature ranges from 60°F to
45°F. The optimum condition for growing bananas is about 75°F for most
of the year With such an ideal climate, it is 1 kely that the an"lual rainfal
will be guite adequate for good growt‘x anc *na1rtenance If conditionis are
not ideal, bananas require irrigation as they are more sensitive to water

dcf1c1t than most other orchard species; excludmg the papavya. Spacings



PAPAYA
FIGURE 21
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CROSS SECTION OF
MANGO FRUIT

MANGO
FIGURE 22

7 Papaya trees tolerate many kinds of soil provided they are well-
drained to a depth suitable for the root'system to develop and that the
devastating root krot nematodes are not present; or at least no history of

it in the area.

AS papaya is also a tropical plant; it thrives best in those areas -
suitable for bananas; although the papaya will tolerate cooler weather thas
soirie other tropical plants: However; the cool Weather is not ideal as it
retards growth and c “iises bad flavor in the fruit:

It is important to remember that the papaya tree is affected more
by water deficit; in terms of yield, than most other orchard species.

Thierefore; It is of utmost importance to ensure adequate soil moisture at
all times. Papayas may be planted from 10 to 12 feet apart.

7 Mango trees will not tolerate poor, shallow and impervious soils.

They will not necessarily die but yields sill be severely reduced. Since

the mango is very tender to cold ternperatures; it too is limited to growth

e
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‘ only in Lrop1ca1 or near trop.cal climates. Wate; défieité seera not to be as
severe with the mango tree in comparison to the banana and papaya:. Spacings
vary irom 25 to 50 feet depending on varieties used.

C. PROPAG’ TION

Banana - Propagated most commonly froin rhizomes (the stemy
part of the plant underground) cut from old stools or stumps. The rhizome
pieces are prepared by trimming away any roots aud dipping them in a five
percent solution of formaldehyde. It is .mportant to remember that the
rhizome must contain at least one bud: The rhizomes are set twelve inches

in the soil in cighteen inch wide holes.

Papaya - Usually propagated by seedlings: Mature papaya seeds
aré nlanted in pots and tin cans (about three or four seeds per container).
After three to four weeks when germination has occurred and three or four
leaves develop, they are then transplanted to the field. When planted in the
field; it is well to remember that the roots should be carefully handled sc
as not to cause injury, and the individual seedling should be shaded from the
sun. The papava tree will fruit for a maximum of eight tu ten years. In

practice; replanting occurs about every fcur jears.

Mango - Some varicties are propagated from seed, but most are
vegetatively produced by grsfting on their own se xdling rootstocks. The
particular type of grafting cemmonly used is called veneer gralting.
{Figure 25.)

D: PRUNING

Banana - Removing and regulating of fruit sucker growth iz usually
all the prunmg required; This is done to avoid too many suckers competing
for nutrients and water and therefore lowerlng vLelds Z:ilso; suckers from
the base of the tree; or from the rhizome area, are. removed as w1nd may
damage a heavy growth or ''bunch' of bananas growing at that location on

the tree.

Papaya - No pruning required as young trees grow and fruit on a
Slngle stem., Af‘°r a few years (two £G three) they become Iess productrve,

stock.

Vfango - Very tittle pruning requ1red except when the tree is yourng.
Pr unmg may be requlred to rermiove crowded branches and hard to reach

of the tree:
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VENEER GRAFTING OF MANGO
FIGURE 23
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APPENDIX

PRACTICAL EXERCISES
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SOLRCE OF ENERGY
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)

STARCH AND_SUGAR

WATER “hC RS
: PRODUCTS

TAKEN FPUM SOIL
BY ROOT HAIRS

PHOTOSYNTHESIS
FIGURE z4
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PHOTOSYNTHESIS -

Title
Green Leaves and Food Synthesis
Intrcducticn

Phctosynthesis is the most important chemical reaction in nature. It

supplies the basic needs for all life, both plants and animals.
A  Have you ever wondered why leaves are green?

B. Is there something about the green color that is important to
plants?

C.  What do we call the green substauce?

D. From whe: : doe.: the green substance come ?

E. How important to the plant, or to us, is this green substance?

F. How important is light to this overall process?
G.  What are the raw materials for photosynthesis?
H, What are the products?

Cénciﬁsion

Many procesces occur in the leaf, but one of the most important is
that of food manufacture, GCreen plants possess the ability to manu-

in the presence of chlorophyll (the green coloring matter in plants) and
with sunlight as the source of energy. Oxygen is a by-product. Since
light i5 necessary; the name ﬁﬁétééyﬁﬂiééié (photo - light; syntheeis -

a putting together) is appropriate.

(.uestions :

A.  Of what importance is photosynthesis to the potato or turnip plant?
3, Could we Live without the aid of green plants? Why?
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C.  Why is the lack of chlorophyll in some ornamental plants a
desirable feature?

D.  What would Larpen if light was ~xcluded from celery stalks for
a period prior to harvest?

E: Why do carrot roots exposed to light turn green in 'c'o'ié'r'?'
F.  What happens to weed growth when light is excluded?

G. Why aren't black coverings used on greenhouses?
Further Areas of Study

A. Observe plant behavior in different light intensities.

B Germinate several bean seeds in the soil; expose some seeds to -

light while germinating.

€. Expose carrots to light after they have developed.

_64-

~4



111

PHOTOSYN THESIS

Exercise #1 ,
Effect of Light on Chlorophyll Formation

Materials
Al Two containers and the media for germinating 25 to 50 bean
§ééds '

B. 25 to 50 bean seeds
. Light-proof area (complete darkness)

D.  Labels and marking pencil

Procedure

A, Sow the seeds in the two containers: Label and date:

it Germiinate the seeds in the dark:

C After the young p nts ha.vz. emerged {r'o'i'riithc seeds, move

Questions
A. IS thére a reason why one set of plants has developed a green
color?
B. Undér what conditions can we gr.)w plants on a commercial
basis indoors?
C. Whilt gas is given off by leaves durmg the dav? Iuring the Ji

night? Explain:
D.  What is the rolc of chlorophyll in photosyrnthesis?

E. Ars there commercial crops where lack of light is necessary?
What are some of these ? '

F. Dc is xlgl"t inten Slt‘y have an effect? How? . ’7’

1]
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TRAINEE WORKSHEET
Name

Date
UNIT: PHOTOSYNTHESIS - Exercise #1

I. Objectives:

11, Procedure:

117; Observations and Re s‘uitéi

1v. Cornciusions:
- N
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Questions:

A, Is there a reason Vihy one set of plants has developed a grec-n
color?
B. Under what condifions can we grow plants on 4 commercial

basis indoors?

C. What gas is given off by leaves during the day? Dur1ng the
night? Explain. .

D.  What is the role of chlorophyll i photosynthesis?

E. Are there commercial crops where lack of light is necessary?
What are some of these?

F.  Dous light intensicy have an effect? How?
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PFOTOSYNTHESIS
- - Exercme. #2 i )
Light and Chlorophyll - Essential to Photosynthesis
I. Materials
A: Two ﬁ'o’tté'ci actively growing coleus plants (or similar planits)
B. Carbon paper or light-tight box (fata! darkiess)
C. Ethyl alco1ol, 95 percent
D: Hot plate, steam bath; or waies bath
E. Iodine

F. TPaper clips

1L Piocedure
AL Cover half the leaves on a piéht With pieces of carbon paper
folded over the upper and lower surfaces and clipped in place.
{Alternate procedure == place one of the two coleus plauts in a.

light-tight box or cabinet for severzl days. Leave the second
plant in the 11ght )

B. Take a leaf or leaves from the plants that iiave been gr- ving i
the two different environmental conditions.

C. Mark each leaf with an 1dent1fy1ng fio tch ?-ong the margin or «

the petiole as you remove it frem a given envirorment, znd m
4 note of the mark that correspcvds with each environment.

D. Make a sketch of each leaf WI‘ch its identifyirg marks after - -
moving tae treated leaves frori the plants. In~lude variega* :
areas.

.tz"j\

Test each léaf for starch using the following method:
1. Kill the leaf by immersing it ir boiling wat.r for one mini

£, Ikxtract the chlorophyll and other p1gments by transfe rrin
the 1l af to hot 95 percent ethyl alcohol Cau.;on ‘the hot
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iezted on Zu - iric hot plate, in a steam bath ~- very
carefullv wili a Bufisen burner in a bath of b0111ng water.
Alcohci 1s very flammable:

3.  When most of the pigment is extracted, dip the leaf in hot

water again for three seconds to keep it from getting brittle:

4. Place the lcavés iii a Petri dish or saucer and cover with
iodine solution for one minute:

5. Rinse the leaves in water and lay out for observations. A
dark color in the.leaf indicates the presernice of starch.
From where dil this starch come?

6. Make another sketch of ziack leaf and indicate the dark areas.

7. Compare the sketches of each leaf, made before extracting
the plgments w1th the starch pattern. Vfas u1ere starch

111, Questions:

Al How does the presence of starch compare with the presence of
chlorophyll in the leaves you studied?

B. . What effect does the abserice of light huvt 2 1% présence of
‘ starch?
\
C. How does th1s 1nformat1on add to yoar kno\ mdge of the factors
D.  What are some of the limitations of the techniques vou hive i:sed
in this exercise? ' '

E.  What effcct does the presence or absence of light have on the
occurrence of photosynthesis?
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TRAINEF WORKSHEET

Name

Date

UNIT: PHOTOSYNTHESIS - Exercise #2

1. Oijj'e'cr;iveés

1I; Procedure:

I1I. Observations 2nd Results:

v, Conclusions:
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Questions: : S .

Al

How does the presence of starch compare with the - resence of
chloropnyll in the leaves you studied?

What effect does the absence of 11ght have on the presence of
.tarch?” -

How does this information add to your Icnowiedge of the factors
involved in the process of photosynthesis? :

What are some of the Iimitations of the techriques you have
used in this exercise?

What effect does the presence or absence of light have on the
occurrernce of photosynthesis ?
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REPRODUCTION

Title
Plant Propagation and Reproduction by Seeds

One thing that distinguishes living thing~ frcm non-living is that living
things can reproduce themselves., Many 1 t§ reproduce by seeds o:
by spores. In some plants, leaves that ¢ ~p onto ti o ground producs
new plants; in others, new shoots ¢evelop .rom parts of the roots or

from runners; in still cthers, branches that touch the ground take ros

and prodiuce new plants.

A.  What is the diffe sence between sexual and asexual rc, .duction
R,  Will seeds produce true to variety?

C. How does pollination relate to plant propagation?

D. What conditions allow a seed to grow?

E. How important is the sced coat?

ow important is s0il to seed gerniination?

:7:1\

What is a seed?

1

H. What are the advantages of budding and grafting?
Conclusion

Living things are able to perpetuate their own kind from: a part of
themselves. This may be either sexual or asexual reproduction.
The factors affecting germination are temperature, mc -iure, oxyge
and possible light. When the conditions of dormancy are satisfied ar
the environmental conditions are favorable, = seed will germinate:
Ditférent kinds of seeds have spccific temverature ranges at which
they will germinate: Moisture softens the seed coat; swella the
embryo, and starts other metabalic processes. Oxygen enters and
increases respiration. Light may or may not be a factor.

Nutritive substances are to be found within the seed and are not taker

ALl —~ e . e e P i e o e B
Irom ine #nviroufrieni. OS0U11 18 Gt 4 Peduileudidut 01 gTiiliination,

1
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Questions

A,

o

G.

Why is cross pollination necessary with corn?

Why is grafting and budding important to the fruit grower ?
Why ave some plants propagated by cutrings ?

Explain why plants grown from seeds off the same parent plant
can all be different?

How do conditions of = .orage, soil temperature and mechanical
damage affect the viab:. ity of seceds?

seeds ?

What is dormancy ?

-
K
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REPRC DUCTION

Exercise #1

1. Materials

1.

ERIC

Aruitoxt provided by Eic:

A,

B.  Germinating media

.5.  YCai Poly Mix''i

Saitable seeds
Soil fingicidas
K,
Proc~dur:

A

Ho* water or bleach

Planting containers (flats, ~ans, pots)

A fine, uniform mixtire

2. Should hold water yet let excess water drain away

s suggested®

Fiil flat;, then firm and smoo:k soil,

B. Distribute seeds in unifurin rows evenlv spaced:

-- ''Cal Poly Mir'' is a plant uoil mixture composed of the following ingre

izats, preporiicnms,

and ans ~ints:

Cal Poiy Mix

two parts sand
two parts fir-bark

one part 2ged manure

f nar cuhic vard -
A ' ==

thre: pouands hoof and horm meal**
three pounds super phosthate*
one pound of potarsinm sulfxte~
cne pouné dolniite lime*% '

>tal iniwn
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ERIC

Aruitoxt provided by Eic:

Cover seeds with fine soil {rule oI thumb - cover four times

C:
the thickness of the sends);

D; . Wa.u .

E. Place flat in warm location.

P Ke.p seeds moist during germinations

C. Observe seeds until a1l have germinated.

Qucestions

A.  Why 2:¢ seécs covered culy four times their diamcter?

B. Hc¢vmie: urr2il s 38 such 8 lettuce e evenly spaced?

C. What .. Licpon i an excess of water is apolied to the seed
flat?

ISR Whzt is the purpose of the hot water or the bleach?

E. V'Q“','ha:t raethod of ‘iﬁfér}i zation or repraduction i.'s démonstrated

by this exercisa?

Qo
(1



REPFODUCTION

1 Materials
A.  Rull - per, 18" %idth
B. Tar pot and orush

Metal cylinder, 4 3/4" diameter and 1¢" long

o

D.  Avocado seeds (Mexican vdtieties preferred - Tapa Tapa, Dulce,
etec.)

E.  Silty loam soil (sterilized)

F.  Tamp (irsirument for firming soil)
C. Peat mcss

, 3 o

II. Proc=dure
A.  Cuttar pape- in 19" lengths.

B. Forix: 18" tar paper cylinder t.sing metal cylinder zs form guide
Seal papzr edges together with tar:

c. Fill ¢ ecyiinder with moist soil.
1. ¢f scil 11z cylinder and tamp firmly.
2: tirt cylinder with soil lightly.
D:  Plant >ne avoca”s vzed.
Remove ¢2ed oot

Cot 8" from each end off the embryo. Be careful that cut
&3 not exceed 1/8',

3.  Plant embryo with pointed =znd up, just . -~ e soii
o

[
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4. Cover with 4" peat moss.

5. Water well:

6. Placc in zreenhouse.

7. Keep watered - do not over water.

9. Observe growth and treat plant for aiiy pests or diseases

that may occur.
10. . Keep a rcuerd of each seed's growth,
il
1if: Qﬁéé?iéﬁg
A, Why remove tue sced coat?

B.  Why are the and cuts made?
C. Why inust the end cuts be less than 1/8'"?
D: Why shoiiz the scil be sterilized?

0ol
-g!

O

ERIC

Aruitoxt provided by Eic:



TRAINEE WORKSHEET
Name

Date

UNIT: RFPRLUDUCTION - Exercise #2

I. Objectives:

II. Procedurec:

1., Observatior” and Results:

IV, Crnnclusione:

-
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A

Why rer ové the seed coat?

Why ¢ +ud cuts made?

Why muet the erd cuts be less than 1/8'?

Why should the soil be sterilized?

What factors raay prevent seed germinaticn?

Qo
e}



REPRODUCTION

7 Exercise #3
I'ropagating Citius Seedlings

Materials

A.

feals

Seeds (Ct- ose seeds from vigorous old trees: Commonly used
sceds are : weet crange, Troyer citrange, Cleopatra mandrin,

Suitable planting media (fine, well-drained "'Cal Poly Mix''¥)
Clean sand
Plarting container (Redwood flat or LA lug box)

Aluminum sulfate

Procedure

A,

Extract seeds frota fruit just before planting. Wash and drain
after extracting. If seeds cannot be planted immediately, dry n
paper towei and store in refrigerator in a plastic bag.

1} planting coatainer with soil mix.

-";p,:iy 1% oz. aluminum sulfate per sq. ft. -a surface of pianting
o edia;

Broadcast o: space seeda in rows, Plant 200 seads per oo,
Cover with £ of sand.

Water wetl:

Place in 7roenhouss,

Keep mioist, nst wet.

Observe growth.

Seeds 1i. »t2d in December will be -cady to Le vlauizd in nursery
rows in April or May:
Se-= foctnote in Exercisz 1 - - Yeprouuction.

- 8L
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L. Juesi oons

A Why usc seeds from older tree?

B; Why use aiv ninum sulfate?

C How ma_y seceds germinated?

D,  What is ~o.r germination percentage ?

I R 91
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11.

1

IT:

REPRODUCTIO" ‘rcise #3

Ghiectives:

Procedure:

Obs~r i aand R. »lts:

Concliisiciis.



V. Questions:

A.  Why use seecs from older trees?

B: Why use aluwmninom sulfate?

c. How many seeds germinated?

D. What is your germiuation percentage?

.83-
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REPRODUCTION
) , Exercise #4
Asexual Reproduction - Cleft Grafting

Terminology

A,

Scion - a shoot or branch, detached, containing buds.
Stock - the lower portion of plant to be grafted; the root system.

Cambitm - 4 thin tissie of the plant between the bark and tl. -
wed;

Materials

A
B.

C.

E.

.

Grafting knife

Grafting tool ard mallet

Tree seal

Brushes -

Sciorn wood {vsual:y one year wood)

Procedure [Refar o Illustration)

A.

B.

Saw off branch squarely.

Split the branch down the center using grafting téol and mallet
(make 13'' to 2'' cleft).

Drive wedge into center of cleft:

Cui 4’ scion. Cut lower end wedge shaped. Outer side snould

be thicker than the inner side to insure camntiurn) contact,

Carefully match cambium layers of scion and stock. /

Eé?é’fﬁilﬁk seal all cut surfaces with grafting wax ¢o keep wounds
from cehydration or disease infestations: '

8- 34 o



G: Allov time for buds to sprout anw w-unds {0 heal. Inspect grafis;
.e8 or failures. Determine reasons for failure
if anvy:
IV. Questions -
A,  Why must the cambiim layeérs touch?
B: Whzt are other methods of grafting?

) e o
C. Is there ar advantage to grafting trees?

&




TRAINEE WORKSHEET

UNIT: REPRODUGCTION - Exercise #4

11T,

V.

Objectives:

Procedure:

Observations and Results:

Conclusions:

_86=
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A Questico s

A.  Why must the cambium layers touch ?

B: What are other methods of gralting?

0

i

Is there an advantage to grafting trees?

-87- 9y
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Iv.

REPRODUCTION

Exercise #5
Asexual Reproduction - "T' Budding

Terminology

A

B.

Scion - a shoot or branch, detached, containing buds:
Stock - the lower portion of plant to be grafted; the root system.

Cambium - a thin tissue of the plant between the bark and the
wood,

Materials

A
B.

C.

Budding knife
Budding tape

Bud wood {current year's growthj

Procedure (Refer to Illustration)

A

B

C:

D.

Make "T'" incision 13' long in stock at desired location.

Cut shield Bii'd;r (Cut i%” long, deep enough to include a small
amount of heartwood.)

Insert shield bud into "T'" incision until it is beneath the bark:

Wrap firmly with budding tape.

Questions

A

B:

Why bud?

What are other methods of budding?

What type of bud should be used? Why?

What are the seasons when budding can best be accomplished?
Why do we insert the shield bud just beneath the bark?

38
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TRAINEE WORKSHEET
Name

Date

UNIT: REPRODUCTION - Exercise #5

I Objectives:

11, Procedures:

I1I. Observations and Results:

iv. Cdnc1u51ons:
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Questions :

A

B.

Why bud?

What are othet methods of budding?

What type of bud should be used? Vhy?

Why do we insert the shield bud just beneath the bark?

: | 106
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REPRODICTION

Exercise #6
Asexual Reproduction - Tip Cuttings

Material

B.

C:

¥

Fe 111 te
Redwood nursery flat

Rooting hormone such as Rootone

Procedure

A

B:

.

Fill flat with Perlite.

Make tip cuttings 3" to 6'' long for greater carbohydrate con-

éhéfféf; Méké cuttings at 1é;éf two nodes in length: Make
angular cuts for easier insertion.

Reduce leaf area 1/3 to 1/2 by removing lower leaves and
trimming upper leaves, This reduces loss of water from

transpiration and makes the cuttings easier to handle:
Dip bottom of cuttings in rooting hormone.

lnsert cuttings in rooting media at an angle, one to two inches
deep. Place cuttirgs as close together as leaves permit.

Water and place in a warm area, Use mist propagator if
available. ' :

Keep cittings moist.

Allow Beveral weeks for cuttings to root. TN
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)

Questions

Al

B.

C.

.

When did the cuttings begin to callus?
How long before the cuttings rooted?
Why are cuts taken at an a;ﬁgié;?

Why must the cuttings be kept moist?

102
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UNIT:

II:

F11;

1V:

TRAINEE WORKSHEET
Name

Date
REPRODUCTION - Exercise #6

Objectives:

Procedure:

Observations and Results:

Conclusions:

Jod
o)
QL
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Questions :

Al When did the cuttings begin to callus?

B. How long before the cuttings rooted?

C.  Why are cuts taken at an angle?

D: Why must the cuttings be kept moist?

-94-
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REPRODUCTION

Exercise #7

Materiatls

—

A.  Avocads seedlings

B. Avocals scion - very mature (emerging buds). (Select percil
sized wood; about 8" long; including terminal buds:;)

C.  Budding knife ;
D. Budding tape
II. Procedure
B.  Selact scion. Remove any flower buds.
C. Install whip graft 6" to 8'' above soil level:
b: Tie with budding tape:
I feturn to greéniiouse and observe two weeks. -
1II. Questions
A.  Why should the whip graft be done 6" to 8" above soil level?
E.  Explain why flower buds are removed?
C. Why selcct pencil size scion wood r
D: Why should the terminal bud be present?
E. What are the fﬁéaﬁiﬁgé of the following words?

1. Scion

v,

Root stock

3. Cambium layer

|
am ]
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TRAINEE WORKSHEET
Name

: o Date

7

UNIT: REPRODUCTION - Fxercise #7

I. Objéetives:

11, Procedure:

IIi: Observations and Recsults:

1V; Conclusions:
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A, Why should the whip graft be done 6" to 8" above soil level?

B. xplain why flower buds are removed.

WHhy select pericil size scion wood?

D. WHhy should the terminal bud be present?

E. What are the meanings of the following words?

l. Scion
2. Root stock

3, Cambium layer ~

-97-
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111.

REPRODUCTION
Exercise #8

Citris Budding

Materials

A, Citrus seedlings
B. Budwood

e; Budding knife

D. Budding tape
Procedure

A, Make a 13" long "T'" incision about 8'' above the ground on the
side of the citrus seedling,

is beneath the bark.

D, Wrap tightly with budding tape.

Questions
A.  Why is the "T" cut taken on the north side of the tree?
B. What type of bud should be used? Why?

C. How long did it take for the bud to grow?

- 108
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Date

UNIT: REPRODUCTION - Ex rcise #8

I. Objectives:

11. Procedure:

iiz- Observations and Results:

IV. Conclusions:
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Questions:

A, Why is the ""T" cut taken on the north side of the tree?

B. What type of bud should be used? Why?

€. How long did it take for the bud to grow?



1I.

I11.

TRANSPIRATION

Title
Water Movement from the Leaves - A Type of Diffusion

Introduction {Refer to unit on Diffusion for complete introduction. )
Of all the environmental factors that affect plant life, none is more
important than water:

A.  Why must we continually irrigate?
B.  Where does the water in the plant go?

C. What causes a plant to wilt?

D. Why do we cut back a plant top when transplanting?

Conclusion

the uptake of water by the roots is slower than the rate of transpiration,
wilting will be initiated.

Questions

A, How can cover crops control moisture in the 80il?

B To compensate for root damage and to lessen water uptake when

some plants, Why?

C. In many semi-desert areas, plastic tents can be used to cover
plants. The idea is to collect water vapor given off by the plant.
This moisture could run off into troughs and be used faf Qifé;—

ing livestock and game. Is it a very practical idea? Why?

101
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TRANSPIRATION

FIGURE 25
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Heow can wind; soil type, humidity and temperature affect the
frequency and amount of irrigation?

V. Further Areas of Study

A, Expose one plant to a fan or air circulating device and place
another plant in a sheltered area. Water and weigh each plant
and container at start of exercise and after 24 hours. Account
for any differences in weights.

Stomato location - cellulose-ta tape techniqiie to remove the epidermis.

pj

pe riod. Other env1ronrnenta1 cond1t10ns should be the same for
the other plants: Weigh the plants again ; and calciulate the per-
ceiitage of water lost for each plant. Contrast the results and
explain any differences.

rate of transpiration. "

ES

E. Fill several pots with various soil types, ranging from sand to
clay. Weigh the pots and then saturate each with water and
allow them to drain freely for 48 hours. Calculate the percentage
of water retained by each in contrast to the original weight of the
soil: Determine the best type of soil for water holding. Tell
why you would choose one soil type rather than some other for
growing plants.
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I11.

TRANSPIRATION

- Exercise #1
Plants Transpire

Materials

A

C.

A growing plant in any size container or growing in a couvenient
locaticn,

Plastic bag or sheet of clear plastic that will cover the plant or
a stem. :

String or rubbeér band.

Procedure

£
B.

C.

Be certain the plant has been watered.
Cover the leaves and stems with the plastic bag or other material;

Tie material securély at base. Take care not to injure the stem.

Questions

A,

Note any water condensation on the inner surface of the bag.
Why doés this occur?

Does light intensity have an effect? How?

. . -104-
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TRAINEE WORKSHEET
Name

Date

UNIT: TRANSPIRATION - Exercise #1

1I. Procedure:

iif. Observections and Results

s

1V. Conclusions:
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Questions :

A Note any water condensation on the inner surfaces of the bag.
Why does this occur?

B. Does light intensity have an effect? How?
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